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TRACY ELLIOT HAZEN 
1874-1943 


CoRNELIA L. CAREY, HArRoLD C. BoLp AND JoHN HENDLEY BARNHART 


Professor Tracy Elliot Hazen, distinguished botanist and honorary life 
member of the Torrey Botanical Club, died March 15, 19438, at Waterbury, 
Connecticut, after several vears of declining health. He was the voungest 
of seven brothers, three of whom, Rev. Carleton Hazen of Middletown, Con- 
necticut, Rev. William Hazen of Auburndale, Massachusetts and Dr. Robert 
Hazen of Thomaston, Connecticut, survive him. He was born July 4, 1874, 
in Jericho Center, Vermont, the son of Rev. Austin Hazen and Mary Jane 
(Carleton). His early vears were spent in the vicinity of his birthplace, 
where he had ample opportunity to develop his life-long interest in plants. 

He prepared for college at the Mount Hermon School, and was graduated 
from the University of Vermont in 1897 with the A.B. degree, Magna Cum 
Laude. He was elected to membership in Phi Beta Kappa at this time. As a 
student he was keenly interested in the study of the classics, and his decision 
to devote his major interest to botany was the occasion of disappointment for 
faculty members of the classical department. In this connection he often 
recalled the stimulation and encouragement he had received from Professor 
L. R. Jones, at that time in charge of the botanical work at Vermont. The 
meticulous care and critically keen powers of observation, which are so char- 
acteristic of Dr. Hazen’s later publications and researches, are already 
apparent in his senior thesis on Sphaerella lacustris, a study which he later 
elaborated and published as a Memoir of the Torrey Club. The beautifully 
colored illustrations from this paper have been reproduced in numerous 
texts. Dr. Hazen remained a loyal son of the University of Vermont, 
returning frequently to participate in the alumni activities during the 
annual Commencement week. 

During the three years, 1897-1900, he pursued graduate studies in bot- 
any and zoology at Columbia University, receiving the A.M. degree in 1899 
and the Ph.D. the following vear. At the suggestion of Professor L. M. 
Underwood, he carried on critical taxonomic studies of the filamentous 
Chlorophyceae. The results of these studies were ultimately published in 
the eleventh volume of the Memoirs of the Torrey Club. He became an 
indefatigable collector during this work. During this period he was elected 
to membership in the Torrey Botanical Club, in the activities of which he 
maintained an active interest until his death, serving as its president in 

The portrait of Doctor Hazen is published with the assistance of the Lucien M. 
Underwood Memorial Fund. 
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1934 and 1935, as associate editor in 1903-1911 and 1932-1939, and as editor 
in 1924-1931. After forty vears of loval service and annual membership he 
was elected an Honorary Life Member in 1939. 

Dr. Hazen served as Director of the Fairbanks Museum of Natural Sei- 
ence at St. Johnsbury, Vermont, during 1901-1902, continuing his collection 
and study of the algae, as well as of the ferns and flowering plants. He re- 
turned to Columbia as assistant in the Department of Botany from 1902 to 
1903. In January of the latter vear he was called to Barnard College as 
Tutor, to continue the work of Miss Lonise B. Dunn, who had died. Thus 
began an association with that school which was to continue for thirty-six 
years. He attained to the rank of associate professor which he held at the 
time of his retirement in 1939. 

The years at Barnard were exceedingly fruitful in research (much of 
which remains unpublished), and more especially in teaching. Few others 
have given so unstintingly, so unselfishly, and with such complete devotion 
to their students. Professor Hazen was driven by his ideal of providing 
living specimens in various stages of development for his students; he spared 
no effort, time or expense in realizing it. In the early vears he traveled long 
distances by bicycle through New York City and its suburbs collecting the 
necessary material. Later, the excursions were made by public conveyance, 
always at his own expense. His hundreds of carefully chosen microscopic 
preparations were personally prepared and greatly enhanced the value of 
his courses for the student. He had an uncanny ability for transmitting his 
own extremely keen powers of perception to his students, and was never 
content until the dullest of the group had correctly observed and understood 
the most obscure features of the specimen before him. He was unflinchingly 
zealous in accomplishing this purpose, giving ungrudgingly of his leisure 
hours to all who sought help. Teaching of this high order is unfortunately 
all too rare. 

His research interests were fundamentally in the Chlorophyceae, more 
especially the unicellular Volvocales; wherever he traveled he studied, pre- 
served, and prepared notes and illustrations of the local representatives of 
the group. Many plates of beautifully colored illustrations executed during 
these studies bring to light a number of species and several genera new to 
science; it is hoped that these may be published. He was abundantly endowed 
with the patience, keenness and perseverance necessary for the critical 
study of these motile organisms. His publications on Lobomonas and 
Brachiomonas reflect countless hours of grueling, long-continued microscopic 
observation, which were rewarded by a completeness of understanding of 
their structure and reproduction, scarcely equaled by others. His failure to 
publish much of his work may be attributed to his inordinately high ideals of 


perfection and thoroughness. In addition to the algae, Professor Hazen 
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maintained a lively interest in the angiosperms, and in this connection pub- 
lished his well known study of trimorphism in Pontederia. 

Professor Hazen traveled quite extensively in Europe, South America, 
and the West Indies, collecting and studying the local floras, and at the same 
time nurturing his increasing interest in genealogy. He was a member of a 
botanical expedition to the high Andes of Colombia in 1922, and of Dr. 
Britton’s expeditions to Trinidad in 1920 and to Porto Rico in 1924. 

In addition to his duties at Columbia, Professor Hazen taught in the 
course on algae at the Marine Biological Laboratory, Woods Hole, Massa- 
chusetts, during the summers of 1924 and 1926, and served in a similar 
capacity at the Hopkins Marine Station, Pacific Grove, California, during 
the summer of 1930. 

For a number of vears he served as an appointed member of the Board 
of Managers of the New York Botanical Garden from the Torrey Botanical 
Club, and was also a member of the Corporation of the Botanical Garden 
until 1942. He represented the Torrey Botanical Club at the International 
Botanical Congress in Amsterdam in 1934, at the Centenary Celebration of 
the Botanical Society of Edinburgh in 1936, and at the meeting of the 
British Association for the Advancement of Science in 1938. In spite of 


extreme debility, and against his physician’s advice, he attended the cele- 


bration of the seventy-fifth anniversary of the Torrey Club in June 1942. 
This proved to be his last opportunity for active participation in the Club’s 
activities. 

After retiring Professor Hazen gave himself more fully to genealogy, 
and achieved considerable distinction and recognition in this field. He wrote 
several papers of genealogical interest which were published in the New 
England Historical and Genealogical Register in 1939 and 1940 as Contri- 
butions for the Tercentenary of Rowley, Massachusetts, and left a number 
of other papers in manuscript. In recognition of his scholarship he was 
invited in 1939 to deliver the main address at the celebration of the Ter- 
centenary of Rowley, Massachusetts. 

Beside the Torrey Botanical Club Professor Hazen held memberships in 
a number of other societies, among them the American Association for the 
Advancement of Science, the Botanical Society of America, the Marine Bio- 
logical Laboratory, the New England Botanical Club, the Connecticut 
Botanical Society, the American Fern Society and Sigma Xi. He was also a 
member of the Vermont Historical Society, the Massachusetts Historical 
Society, the New England Historic Genealogical Society, the Society of 
Colonial Wars in Massachusetts, the Society of Mayflower Descendants in 
Connecticut and the Society of Sons of the American Revolution. 

In a letter to Professor Hazen’s family the Corresponding Secretary of 


the Club has aptly summarized the sentiments of its members in writing: 
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ss the Torrey Botanical Club was singularly fortunate in having 
profited by the sound scholarship, the meticulous labors, the faithful devo- 
tion to duty, and the kindness of heart of Professor Tracy E. Hazen. All its 
members admired him, all respected him as a thorough gentleman, and all 
who knew him intimately loved him.’’ 


The published work of Tracy Elliot Hazen 


The life history of Sphaerella lacustris (Haematococcus pluvialis). Mem. Torrey Club 6: 
211-246. pl. 86, 87.8 My [8 Je] 1899. 

The seventh annual winter meeting of the Vermont Botanical Club. Rhodora 4: 64. 6 Mr 
1902, 

The Ulothricaceae and Chaetophoraceae of the United States. Mem. Torr Club. 11: 
135-250. pl. 20-42. 20 O [10 8] 1902. 

The habitat of the slender cliff-brake. Torreya 2: 176. 25 N 1902 

Proceedings of the Club: March 8, 1904. Torreya 4: 73, 74. 13 My 1904 

\ new handbook of the genera of freshwater algae. (Review of: West, G. S. A treatise 
on the British freshwater algae Torreya 4: 154-156. 29 O 1904. 

Dryopteris Filix-mas in Vermont. Fern Bull. 14: 25, 26. Mr 1906. 


} 


Oxalis Brittoniae at Pownal. Bull. Vt. Bot. Club 3: 17, 18. Ap 1908. 
Proceedings of the Club: March 10, L908, Torreva 8: 82. 83. ZY Ap 1908, 
Proceedings of the Club: October 13, 1908. Torreya 8: 265, 266. 25 N 1908 


Willis’s Flowering plants and ferns. (Review of: Willis, J. C. A manual and dictionary 


of the flowering plants and ferns. Torreva 9: 56, 57. 26 Mr 1909. 

The trimorphism and insect visitors of Pontederia. Mem. Torrey Club 17: 459-484. pl. 
14,15; f. 1-12. 10 Je 1918. 

Platymonas subcordiformis (Wille) Hazen, comb. nov. Rhodora 23: 251, 252. 27 F 1922. 


The phylogeny of the genus Brachiomonas. Bull. Torrey Club 49: 75-92. p/ 
18 My 1922. 


New British and American species of Lobomonas: a study in morphogenesis of motile 


algae. Bull. Torrey Club 49: 123-140. pl. 5, 6. 15 Je 1922. 
Flora of Pe nikese, fifty vears after: Algae of fresh water. Rhodora 26: 211, 212 5 Ja 


1925 


Flora of Penikese, fifty vears after: Algae of brackish water. Rhodora 26: 215. 5 Ja 1925. 


Botanizing in the Colombian Andes. Jour. N. Y. Bot. Gard. 26: 132, 133. (30) Je 1925. 

The English ancestry of Edward Carlton of Rowley, Mass. New Engl. Hist. Geneal. Reg. 
93: 3-46. pl.; chart. (1) Ja 1939. 

The ancestry of Ellen Newton, wife of Edward Carlton of Rowley, Mass. New Engl. Hist. 
Geneal. Reg. 94: 3-18. pl.; f. (1) Ja 1940. 

(With Harold Charles Bold) New motile algae from New Jersey. (Abstract. 
Bot. 26: Suppl. 25. 4 Ja 1940. 


Am. Jour. 


Two founders of Rowley, Mass. New Engl. Hist. Geneal. Reg. 94: 99-112. pi. l Ap 
1940, 
Contributions for the tercentenary of Rowley, Massachusetts. (Ap 1940 This comprises 


separates of the three genealogical papers of 1939 and 1940, with a general title-page. 
BARNARD COLLEGE, COLUMBIA UNIVERSITY, AND 
Tue New YorkK BotTANICAL GARDEN 
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its THE OSMOTIC QUANTITIES OF THE CELLS IN THE 
all HYPOCOTYL OF HELIANTHUS ANNUUS 
SEEDLINGS' 


WILLIAM A. BECK AND BASILIA ANDRUS 


INTRODUCTION 


Mr In recent vears great interest has been manifested in the nature of 
growth in plants by cell enlargement. In particular a source of energy has 
been sought which would satisfactorily account for the phenomenon of the 
enlargement of the plant cell. The older notion that turgor is entirely respon- 
sible for the enlargement became untenable with the discovery of Ursprung 
and Blum that the turgor in the growing root cells of Vicia faba is minimum 
in the zone of maximum growth. More recently an active growth of the cell 
wall was made accountable for the phenomenon. The auxin was made re- 
sponsible for this growth of the wall, but for some time it was not clear if 
the auxin caused it directly or only by acting inductively upon the proto- 
plast. Growth of the wall by intussusception can hardly be doubted in view 
7 of recently proved facts, and there can be little, if any, doubt that this 
growth of the wall is due to the addition of materials elaborated by the proto- 
2. plasm, which is influenced in its activity by the growth-promoting substance. 
It is probable that the influence of auxin evokes, not only the elaboration of 
the necessary wall material, but other growth phenomena as well, such as the 
production of the solutes necessary to maintain the turgor of the growing 
“4 cells. 

It is the purpose of the present study to investigate carefully the active 
growth of developing cells and their osmotic quantities, with the end in view 
of correlating these phenomena and drawing such conclusions as are possible 
regarding changes in the physical nature of the protoplast, the cell sap, and 
the wall. The results should give a better understanding of the nature of 
growth by cell enlargement, and of the energies which are involved. 

The terms expressing osmotic quantities have been used in such a variety 
of meanings that one is in doubt many times about their real significance 
when used by an author who fails to define his terms accurately. For that 
reason care is taken here to define each term and state its significance. For 
a review of the literature on this subject the reader is referred to the works 
of Ursprung (44, 46), Beck (3), and Stark (40). 

In plant physiology the term osmotic quantity is employed to designate 
any of the quantities which refer to such pressures or tensions in the living 

1 The cost of publication of this paper was assisted by the Institutum Divi Thomae, 
Bradley Hall, Palm Beach, Florida. 
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plant cell as depend directly or indirectly upon osmotic phenomena, ineclud- res 
Ing components that result from combinations of these elementary vector ” 


quantities. 

In previous work on growth phenomena and pigment production (6, 7, 
9 10, 12. 13. 14. 15). Helianthus annuus was used: it was natural to choose 
the same object for experimental study in the present work since a body of 
data regarding these seedlings is on hand. From previous experience and 
careful propagation each year it was possible to have strictly comparable 
plants from seeds of the same strain grown under identical conditions. 

Ruge (35, 36) studied the hypocotyl of Helianthus seedlings in an effort 
to determine the influence of heteroauxin on cell enlargement, and recorded 
osmotic quantities determined by him which may well be compared with the 
data we present here. But it must be remembered that the regions of the 
hypocotyls which he employed are not the same as in our experiments and 
he cultured his seedlings somewhat differently, His seedlings were not of the 
same age or size as ours and he confined his studies to the cortical tissue, 
while we studied both the epidermal and cortical tissues. The exact determi- 
nation of the osmotic quantities is tedious and involved; it demands much 
time, so that conceivably Ruge was obliged to give less attention to this phase 
of his work, considering the many and varied operations that he was obliged 
to carry out within a limited time to achieve his objective. He followed 
Ursprung’s methods for the determination of some of his quantities, but it 
is not clear if he did so for all. 

We proposed to give close attention to the exact determination of the 
osmotic quantities in normally developing cells, that is, from the time the 
cells cease to proliferate to the mature state. Our work extended over a 
period of three vears. 


METHODS 


Etiolated Helianthus seedlings, 90 hrs. old, grown under controlled con- 
ditions (90 per cent relative humidity and 25° C) were employed. At this 
age the plants were approximately 45 mm. high. From previous work it was 
concluded that the cells of the hypocoty! proliferate directly below the base 
of the cotyledons within a distance less than 2 mm. from the base of the 
cotyledons, and at a distance of 35 mm. the cells were certainly mature. 
Accordingly the hypocotyl was divided into seven zones, each 5 mm. long as 
indicated in figure 1, and the osmotic quantities were determined for the 
cells of each zone. 

The methods devised and described by Ursprung (45) were followed in 
this work. Our results do not refer to individual cells but to sections of spe- 
cific tissues. Sucrose was used as a plasmolyzing agent, since it is better than 


any other agent (2, 20, 41, 51). It is well to remember when comparing our 
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results with those obtained by Ruge (35) that he used dextrose as his agent 


in some of his studies. 


or the determination of cellular dimensions the ey epiece micrometer of 


Fig. 1. Helianthus seedling as used in the experiments. 


the regular microscope was employed, but for the dimensions of sections 
of tissues and variations of their lengths a special measuring microscope was 


employed in which the error was not more than + 0.01 mm, 
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The order in which the various osmotic quantities were determined was 
not the same as that followed in the presentation of the work. In the labora- 
tory the order was as follows: first the determination of the sizes of the cells 
in the normal state, while immersed in paraffin oil; and then the suction 
tension of the cells by direct measurement; the osmotic value at incipient 
plasmolysis; and the osmotic value at saturation; together with the respee- 
tive sizes of the cells in the three states; finally the wall pressure was deter- 
mined, 

For the sake of clarity the data will be presented in the following order: 
the cellular dimensions and cellular characteristics will be discussed first; 
and will be followed by the osmotic value of the cell sap in the three states; 
and the suction tension of the cell as an entity; finally the wall pressure will 
be discussed. 


CELLULAR DIMENSIONS AND CHARACTERISTICS 


Discussion of the Cells and Their Walls. Before discussing the osmotic 
quantities of the cells at different ages it is well to have a clear understand- 
ing of the general appearance of the plants which were employed and the 
sizes and characteristics of the cells at different stages of development. 

In figure 1 a diagram of a typical seedling is given. This may well be 
taken as a diagram of the average form and size of all that were used. Care 
was taken to draw it exactly to size from a specimen that was considered the 
average. 

The smaller diameter of zone 1 is characteristic. Under the conditions of 
culture the seedlings were etiolated and the carotene and xanthophy ll were 
chiefly located in the cotvledons and the uppermost region of the hy pocotyl. 
The rest of the hypocotyl is opaloid. No effort was made to determine 
whether the pigment deteriorated with the enlargement of the cells or 
whether it was merely masked by the total reflection of light in the inter- 
cellular spaces formed in the cortical tissue as the hydrostatic pressure of 
the cells increased in that tissue. Since it has been suggested that the caro- 
tinoid pigments may be a part of the respiratory mechanism it is desirable 
to investigate the possible correlation of pigment production and cell en- 
largement. If these pigments affect the auxin activity in the protoplast, cell 
enlargement may in turn be influenced by the presence or absence of these 
pigments (8, 9). 

It was not considered necessary to study regions which lay further re- 
moved from the cotyledons than 35 mm, because beyond 25 mm. the cells 
may be considered mature, as was shown by Beck and Donnelly (13 

It is important in such studies as we have in hand to recognize the distri- 
bution of the growth zones, hence a very careful study of the dimensions of 
the cells in each of the seven zones was made and the results are recorded 
in table 1. 
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The length of the cells was determined with the aid of the eyepiece 
micrometer. The determinations were made at three points in each zone, the 
uppermost, the lowermost, and the midregions, and the average of these was 
recorded in table 1. It was considered sufficient to determine the length of 
the cells as an expression of their enlargement, since actual measurement 
proved that the diameter of the cells was almost the same in all seven zones. 
This is in agreement with the fundamental rule that was first suggested by 
Czaja (19) and verified by Ruge (35) for the hypocotyl of Helianthus seed- 
lings, and was further confirmed by Borgstrém (17), that the cell walls grow 
in a polar manner increasing their mass in the lateral walls but not appre- 
ciably in the transverse. Since the development of the stomatal complexes 
distorts the neighboring cells, these regions were avoided. No particular diffi- 
culty was experienced in the study of the cortical cells. 

The cells directly beneath the cotyledons were compressed in general 
appearance, This region did not extend much beyond 1 mm. and certainly 
not beyond 2 mm. This is evidently the zone of cell proliferation, and the 
region in which auxin is produced, The auxin which is present in the remain- 
ing 3 mm. of zone 1, in which the cells have begun to enlarge, is probably the 
auxin which was formed in the uppermost 2 mm. and is in the process of 
translocation (12 

Since the cells of zone 1 are possessed of a relatively small cell sap cavity, 
when it is not entirely lacking, reliable figures regarding osmotie quantities 
ean hardly be expected. Our results are, however, included in the table for 
the sake of completeness. In an effort to interpret the results it must be borne 
in mind that the forces refer predominantly to the phenomenon of imbi- 
bition in this zone, Plasmolytic methods when applied in very young cells 
vield more or less doubtful results for another reason; namely, that the 
undeveloped cell walls lack elasticity and rigidity, so that when they are 
expanded beyond the limits of elasticity in any operation, they do not 
readily recede with the protoplast when an attempt is made to plasmolyze 
the cell. It was for this reason that Overbeck (30) and Oppenheimer (29) 
eriticized Ursprung’s method of determining the suction tension. To avoid 
any similar error we modified Ursprung’s strip method. After first deter- 
mining the suction tension by Ursprung’s original method in order to obtain 
threshold values, we made as many independent sections as we deemed neces- 
sary, and immersed them simultaneously in graded solutions above and 
below the threshold values. Each strip was immersed only once in a solution 


of specific concentration. The size of each strip was determined before im- 


mersion and again after immersion. The solution in which a strip failed to 


alter its size was evidently in equilibruim with the cells. In this manner the 
possibility of stretching the walls beyond the limits of elasticity was avoided. 

In view of the fact that there is some discussion regarding the manner in 
which the volume of the cell enlarges, i.e., whether it enlarges by the insertion 
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of new material or whether only passively by a process of stretching it be- 
yond the limits of elasticity under the stress of the hydrostatic pressure from 
within, it was thought well to measure the thickness of the cell wall in the 
different zones. Unfortunately we were not equipped to do this with suffi- 
clent exactness, since our instrument error using the eyepiece micrometer 
was too great. We did, however, make an attempt to get what information 
we could by this method. 

Frey-Wyssling (22), employing the double refraction method, proved 
that the cellulose chains of the cell walls of grasses shift during certain 
phases of growth. Ruge (36), employ ing the same method, concluded from 
his experiments that such shifting of the chains occurs in Helianthus seed- 
lings in a zone about 4 to 5 mm. long directly beneath the cotyledons. Accord- 
ingly he holds that in this zone the cell wall is stretched beyond the limits 
of elasticity by the inner hydrostatic pressure, Our own less exact methods 
lead to the same conclusions. This conclusion is probably true in the lower- 
most region of the first zone. The fact that the diameter is less in the first 
zone than in the rest of the hypocoty! is in agreement with this conclusion. 
It was evident to us that the walls of the epidermis became thinner as growth 
proceeded in the first zone. In the older zones the cell wall became thicker 
progressively. In the cortical tissue it was more difficult to come to a decision, 
but there were no contradictory data to prevent us from agreeing with Ruge, 
that in the very young cells not much material is added to the cell wall by 
the process of intussusception, but at a distance of more than 6 mm, from the 
base of the cotyledons there is evident growth of the wall by intussuscep- 
tion (36 

The participation of turgor in the process of growth by cell enlargement 
has long been a subject of discussion. In 1924 Ursprung and Blum (47) 
pointed out that turgor is least in the region of greatest growth. In our 
studies we have found that turgor, or its equilibrant the wall pressure, is 
least in this region, but not least at the point of inflection of the growth 
curve, that is at a distance of 6.5 mm. from the base of the cotyledons (10, 
14). In our studies of wall pressure we have found that the value is least 
at a distance of 20 mm. from the base of the cotyledons in the epidermis and 
at a distance of 15 mm. in the cortical tissue (see figure 5 

Contraction and Expansion of the Cells. The contraction of normal 
cells when plasmolyzed is very interesting. It was determined by direct 
measurement and the results are recorded in table 1. When the size of the 
cell at incipient plasmolysis was plotted against the distance from the base 
of the cotyledons the curves for both tissues were found to be typical growth 
curves just as was found to be true for the cells in the normal state (10, 14). 
This is clear evidence that the walls grow actively, since the walls were not 


thinner in older than in younger cells, and therefore there could not have 
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been more stretching beyond the limits of elasticity. The per cent contraction 
is not the same for the two tissues and does not vary from the average so 
much in the epidermis as it does in the cortical tissue, an evident indication 
that the nature of the wall is not the same in the two tissues. The epidermis 
shows least ability to contract in the second zone and greatest ability in the 
third, fourth, and fifth, and then definitely declines in the sixth and seventh 
zones (see table 1 and figure 2). The cortical tissue also manifests a low 


TABLE 1. Sizes of Cells in the Normal, Plasmolyzed, and Saturated States. 


Incipient Plasmolysis Normal State Water Saturated 
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Fig. 2. Variation of the sizes of the cells from the normal, expressed in per cent, at 


plasmolysis and saturation for the seven zones. 
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ability to contract in the first zone, but then rises to a maximum in the third, 
after which there is a steady decline in the older zones where it is lower even 
than in the epidermis. From this it may be concluded that in the older zones 
either the cells in their normal state lack water (O, and O, being nearly 
equal might indicate but not prove as much; see table 2) or the walls cannot 
contract much in the two tissues because of the lack of elasticity. Since the 
suction tension is relatively low in the older zones there can hardly be a lack 
of water, so that the low ability to contract must be ascribed to the nature 
of the wall, i.e. in zones six and seven the epidermis becomes rather rigid, 
and the cortex becomes more rigid as early as in the fourth zone. 

The expansion of normal cells when placed in water was also determined 
by direct measurement. The cortical tissue shows considerably greater ability 
to expand than does the epidermis, particularly in the uppermost five zones. 
This is not difficult to understand from the respective structure and fune- 
tions of the two tissues. 

The ability to expand decreases temporarily in the first three zones and 
rises to a secondary high in the fourth, and thereafter decreases steadily. 
In the cortical tissue the ability to expand is unusually high in the first zone 
and sinks temporarily in the second zone to rise in the third zone to a secon- 
dary high, after which it decreases rapidly to the all low in the mature cells, 
almost equal to the low of the epidermal cells. It is interesting that the ability 
of the epidermis to expand is low in the third zone when it is high in the 
cortical tissue, which indicates that the development of the cell walls is not 
identical in the two tissues. 

The ability to contract is a safer indication that the wall is elastie than 
is the ability to expand: if the wall will neither contract nor expand readily 
it is evident that the walls are rigid. If the walls expand readily, but do not 
contract readily the indication is that the walls are plastic and that the water 
supply has not been sufficient to allow further expansion (otherwise they 
should be stretched beyond the limits of elasticity), either because the water 
had to be raised in the plant against the force of gravity, or because the 
potential difference between neighboring suction tensions was not sufficient 
to allow water to flow readily into the cells. If there is a fair degree of expan- 
sion and contraction as well, the indication is that the wall is neither plastic 
nor rigid, i.e. moderately elastic. 

Interpreted in this sense our data show that the epidermis is very plastic 
in the first two zones, less so in the succeeding ones. In the third zone the 
contraction is high and the expansion low, accordingly the elasticity is high. 
The elasticity is maximum in the fourth zone where both contraction and 
expansion are high. In the more mature epidermal cells both expansion and 
contraction decrease ; that is, the walls are evidently more rigid. 

The cortical tissue develops somewhat differently. The degree of contrac- 


tion is low in the first zone where the extensibility is high, indicating great 
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plasticity. In the third zone both the expansion and the contraction are high, 
i.e. Maximum elasticity exists. From this point on the expansion as well as 
the contraction decrease steadily, clearly indicating that the walls are becom- 
ing rigid. 

From the respective values for the two tissues it is evident that the 
cortical cells have far less rigid walls than do the epidermal cells, which is 
as might be expected from a consideration of the respective functions of the 
two tissues. 

It is particularly interesting to study the diagram in figure 1. In agree- 
ment with the macroscopic determination of the diameter of the hypocotyl 
in the first zone, the cells in this zone are always somewhat less in diameter 
than the cells of the older zones. Only well along in the second zone is the 
nearly constant diameter attained. If it is assumed that the walls are plastic 
and that the osmotie turgor develops slowly and the suction tension, never- 
theless, remains high, it is evident that the high suction tension is due to the 
imbibition of the protoplast and is essentially non-osmotic in nature. 

Characteristics of the Protoplast. (a) Gradients. There is a charac- 
teristic gradient of Viscosity in the protoplasm of the cell of the hv pocoty! 
of the seedlings, ranging from the zone of cell proliferation to the enlarged, 
mature cell. We verified this by direct experiment but are not listing our 
results because they do not show anything more than is already recorded in 
the literature by Strugger (41) and Ruge (35). There can be no doubt of 
this fact in the particular case of Helianthus seedlings. It appears to be a 
general fact that young protoplasm is more viscous than older protoplasm, 
since it was proved in algae and fungi as well as in various organs of the 
higher plants (18, 26, 34, 49, 50). 

It is generally admitted that protoplasm is a complexly built mixture of 
hydrophilic colloids and we are accordingly justified in applying to it the 
principles of colloid chemistry. Physico-chemical experiments have shown 
beyond reasonable doubts that the relative viscosity of a substance is a good 
indicator of its relative colloidal state. A knowledge of the changes in vis- 
cosity of the protoplasm, such as are indicated by the gradient manifested 
in the developing cells of the sunflower seedlings, aids in a better under- 
standing of changes that oceur in the colloidal state of the protoplasm. 

The viscosity has been brought into correlation with growth and growth- 
promoting substances by Strugger (42) employing the hypocotyl of Helr- 
anthus seedlings, who found that the young cells of the stretching zones 
require a greater length of time for the protoplast to become rounded off in 
a plasmolyvzing solution than do mature cells, and he concludes that they 
consequently possess a higher internal non-osmotic pressure expressing itself 
by a greater viscosity. Ruge (35) obtained similar results. We repeated these 


experiments and obtained similar results. From the facts recorded in the 
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literature it is evident that we can express ourselves regarding the character- 
istics of the protoplasm in the seven zones of our seedlings such as its 
swelling ability, its stability, and its electrical charge. The swelling power 
of the protoplasm is considerable in the first zone and negligible in the 
others; there is a definite gradient from the younger cells to the older ones 


which is termed the plasmolytie gradient. This must, of course, be borne in 







mind when interpreting our results, since no effort was made to distinguish 
between the suction tension which is produced by the suction tension of the 
cell sap 


due to osmosis) and that produced by the suction tension of the 






protoplasm (due to imbibition). Bennet-Clark, Greenwood, and Barker (16 


considered it possible that active ‘‘seeretion’’ of water takes place from the 


protoplast into the cell sap cavity, but it would hardly be justified to con- 









sider the increment of water in the cell sap cavity as a kind of svnaeresis, 
since there is active production of solutes as the cells grow older (10, 14). 
No doubt, the cell sap concentration must bear some relation to the viscosity 
and the colloidal state of the protoplast, so that the protoplasm is constantly 
in dynamic equilibrium with its aqueous environment. 

Pfeiffer (31, 32, 33) proved that a definite degree of viscosity in the cyto- 


plasm is correlated with a definite electrical charge of the plasma colloid. 










When the electrical charge is changed then also an electro-viscosity effect 
must follow. The growing and non-growing cells are accordingly character- 
izecl by this, that the variations of the plasma ampholytes from the isoelectric 
point (1.E.P.) are different. The mature cells are ‘‘fixed.’’? There is suffi- 
cient experimental evidence in the literature regarding the cH gradients in 
relation to the differentiation of tissues to warrant the employment of the 
‘“‘plasmatie gradients’’ as visible expressions of the cH gradients which 
proceed in the same direction (24, 25, 37, 38). 

















The established cH gradient is significant for another reason, namely 
that it suggests a correlation of growth by cell proliferation and cell enlarge- 
ment. It is well established that there is a difference of electrical potential 
between the chromatin of the nucleus and the cytoplasm; the nucleus being 
electro-negative and the cytoplasm electro-positive. Since cell proliferation, 
which is known to be rhythmic, ceases in the hypocoty] a short distance from 
the base of the cotvledons, and cell enlargement occurs in a graded manner 
parallel with the viscosity and the cH gradient, and is also rhythmic, the 
whole process of cell enlargement, which is known to be induced by natural 
auxins and heteroauxins (which are characteristically acid in reaction) must 
be related. It is extremely difficult to consider the function of the chromatin 


2 Because of the ampholyte nature of the protoplast a critical point must be reached 


at a very definite hydrogen ion concentration, in which the number of anions and cations 


is the same in their minimum. At the isoelectrie point their ¢H is zero, in which there- 
fore the electrical charge of the colloid is zero, and the number of neutral particles is 
maximum (cH =O at I.E.P.). 
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from a purely material concept basis without involving orientating forces, 
directed outward from bio-molecular electro-magnetic fields. 

(b) Discussion of the Characteristics. There can be no doubt about the 
veneration of auxin in the zone of cell proliferation. The manner in which 
it acts to cause cell enlargement and its translocation are not very clear. 
How gravity influences the auxin is particularly obscure; if it occurs in the 
form of pure solution gravity cannot affect it, and if it is not in pure solu- 
tion its translocation by diffusion becomes impossible. These facts suggest 
that the auxin exercises its influence in a manner comparable to that of 
‘‘evocators’’ (27 

Auxin must definitely be regarded as a phytohormone and consequently 
specificity, such as is attributed to bio-regulators in general, must character- 
ize it. One of the outstanding marks of protoplasm is its specific ability to 
svnthesize asymmetric compounds in which the atoms of the molecules are 
arranged in a specific asymmetry that cannot be duplicated in inorganic 
svstems. Asymmetry points to a labile, dvnamic, spatial arrangement of the 
atoms in the molecule, and the aging of cells may be regarded as a trend 
towards stable equilibrium within the bio-molecules. The more unstable the 
molecule, the greater the free energy content. The forces exercised by highly 
labile asymmetric molecules of the voung proliferating cells directly beneath 
the cotvledons, through their asvmmetry-inducing energy upon other mole- 
cules, may be assumed to play a very important role in influencing the 
growth of the older cells by cell enlargement, the material expression of this 
would be the formation of auxin. 

Science has traveled far since Van’t Hoff and LeBel laid the foundations 
for the science of stereo-chemistry. The valence in a material is no longer 
considered in a mechanical manner, but is linked to its configuration of 
electrons and its system of waves. The phenomena attending the asymmetric 
organie molecule are far more readily interpreted by means of the energy 
concepts of modern atomic theories than by means of the older theories of 
the classical physicists. The cH gradient suggests that the ‘‘trigger energy’”’ 
whieh directs the process of cell enlargement, resides in the chromatin and 
that it is maximum in the voung cells and minimum in the mature cells. It 
is particularly significant in consideration of this possibility that auxin is 
acid in reaction. When the cells are too far removed from the source of auxin 
and the electrical potential difference between the nucleus and the cytoplasm 


sé 


of mature cells is small, and the ‘‘trigger energy’’ is spent, a state of equi- 


librium is produced, so that the activity of the cell is nearly purely physical 


and the osmotic quantities are more involved in the functioning of older cells 
than in the younger. 
These notions are helpful to a better understanding of the evident corre- 


lation of cell proliferation and cell enlargement, the evident dependence of 
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both on mitosis, and the influence of the chromatin on the phenomena accom- 
panving growth. They also help to make it clear that the nucleus is indis- 
pensable for the physiological activity of the cell in general, and growth by 
cell enlargement in particular. It is suggested accordingly that the natural 
auxin has its source in the nucleic acids and depends on the mitotic activity 
for its production, Also that its bio-regulating effect depends upon its power 
to direct the formation of specific asvmmetric structures within the proto- 
plasm and that this effect is inductive and need not necessarily be conducted 
to exercise its influence. The induction might well occur electro-magnetiecally, 
This view receives encouragement from the fact that so many different kinds 
of organic acids can exercise an effect similar to that of auxin upon plant 
cells. It is doubtful if these acid agents produce exactly the same physiologi- 
cal effect as does the natural auxin, but their acid nature can influence the 


protoplasm in such a manner that growth by cell enlargement is simulated. 


E OSMOTIC VALUE AND THE EQUIVALENT SUCTION TENSION OF THE 


CELL SAP OF CELLS IN THE NORMAL, PLASMOLYZED, 


The concentration of the sap, which contains organic and inorganic 
solutes, is not the same for a given cell in the normal, plasmolyzed, and 
saturated states. The concentrations in the three states are symbolized by 

O,), (O,), and (O,), respectively, and are expressed numerically in fune- 
tion of the concentration of the plasmolvte which has the same osmotic pres- 
sure. The suction tensions which are equivalent to the concentrations (Q,), 

O,), and (O,) are symbolized by (Si,), (Si,), and (Si,), respectively, and 
are expressed in atmospheres. 

It is evident from the nature of the process emploved that for a given 
cell or tissue 

O, > O, > O.: and 


Si, > Si, > Si 


This fact is well illustrated by our recorded results (see table 2 

Weber (51, 52) pointed out that the normal permeability of the proto- 
plasm is changed by plasmolysis when certain plasmolytes are employed. 
He speaks of ‘‘ plasmolysis permeability.’’ He and Strugger (42) agree with 
Beck (2) that when sucrose is employed as a plasmolyzing agent there is no 
immediate influence exerted upon the permeability of the protoplasm. Our 
experience in the present work is in accord with this view. 

The time necessary to produce incipient plasmolysis was found to be 
ereater for young cells than for older cells. This became particularly evident 
when, after a number of trials, the concentration which produced ineipient 
plasmolvsis was determined, and then fresh tissue was placed in the sugar 


solution of that concentration, which was approximately the correct O, 
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com- value, and the time required to produce plasmolysis was determined. We did 
dis- not go into this matter as thoroughly as others, but we can safely state that 
h by voung cells required more time to become plasmolyzed than did mature cells. 
ural When excessively high concentrations were employed, the protoplasts of the 
Vity voung cells became plasmolyzed in a shorter time than in the nearly correct 
wer QO, concentration, but the form of the plasmolyvzed protoplasts was not con- 
‘oto vex, as it normally should have been. If sufficient time was allowed, however, 
cted the ‘‘ecramped plasmolysis’’ form, as Weber ealls it, changed to the normal 
lly. convex form. This fact indicates that the protoplast of voung cells is more 
nds viscous than that of mature cells. It is also evidence that the protoplasm of 
lant voung developing cells is in intimate union with the cell wall and in the 
OgI- process of plasmolysis is torn away violently at many points, but remains 
the 
ted TABLE :. The Conce ntration and the Suction Tension of the Cell Sap in the Nor 
mal, Plasmolyzed, and Saturated States, Expressed in Mols and Atmos., Respectively. 
\t Incipient Plasmolysis In the Normal State In the Saturated State 
Zon Epidermis Cortex EK pidermis Cortex Epidermis Cortex 
“i O, Si, O, Si, O Si O Si O, Si, O, Si, 
e 
nd l 0.28 7.6 | 0.407 11.41 0.27 7.3 1405 11.35 0.268 Ye 0.362 10.06 
re 0.255 6.8 1.40 11.20 | 0.248 | 6.64 | 0.398 11.14 0.233 6.29 | 0.360 10.00 
by | ; | 0.25 | 6.7 | 0.385 10.75 | 0.243 | 6.49 | 0.384 | 10.72 0.241 | 6.43 | 0.342 9.46 
le- { 0.24 6.4 0.345 9.55 0.288 6.14 0.344 952? 0.226 6.08 0.309 8.47 
5 0.23 6.2. 0.340 9.40 0.225 | 6.05 1.339 9.37 | 0.221 5.93 | 0.312 8.56 
CS 6 0.23 6.2) 0.310 8.50 0.266 | 6.08 309 8.47 0.244 6.02 0.302 8.26 
7 0.23 | 6.2) 0.295 8.05 0.266 | 6.08 | 0.294 8.02 | 0.225 | 6.05 | 0.284 7.72 
ni 
attached at some points. These facts suggest that in careful work in which 
en the plasmolytic method is employed, the final readings should be determined 
with solutions which are not far removed from the true O, concentration, 
and sufficient length of time should be allowed for evident convex plasmoly- 
sis. These precautions were taken in our work, and we feel certain that the 
protoplast was not injured as the result of violent treatment. We found that 
e mature cells usually did not require more than ten minutes to plasmolvze 
1 but voung cells sometimes required thirty minutes. 
h Since, as was previously described, the volumes of the cells at incipient 
" plasmolysis, in the normal state, and in the saturated state are known, it is 
* not difficult to calculate the concentrations of the sap in the normal and 
saturated states from the concentration in the state of incipient plasmolysis 
a by the methods described by Ursprung (45). The equivalent suction tensions 
' can be obtained from the table of Ursprung (45) in which the equivalent 
, concentrations and osmotic pressures are listed for sucrose. The results 
‘ which we obtained are given in table 2. 


The Osmotic Value at Incipient Plasmolysis. This quantity expresses 
the concentration of the sap when the protoplast has slightly receded from 
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the cell wall in consequence of the contraction produced in it by €XOSMOSIS 
after having been placed in a hypertonic sugar solution. When the value is 
expressed for a tissue it is understood that fifty per cent of the cells are in 
the state of incipient plasmolysis. 

Normally the semipermeable protoplast is in contact with the cell wall, 
which is permeable. When the protoplast is distended by the hydrostatic 
pressure within, it usually presses against the cell wall with sufficient force 
to distend the cell wall, providing the wall is not too rigid. If the internal 
pressure is relieved, not only does the protoplast contract but also the dis- 
tended wall. Evidently a rigid wall will not contract, nor will a plastie wall 
which is devoid of all elasticity. An elastic wall will contract to a degree 
commensurate with its degree of elasticitv. From these considerations it 
becomes clear at once that the capacity of the mature cell does not differ 
much from its capacity in the state of plasmolysis if the wall is rigid because 
the protoplast leaves the wall as soon as it begins to contract, The plastié 
walls of voung cells, such as those in the first and second zones of our plants, 
do not recede much because they lack elasticity. It follows that cells with 
elastic walls manifest a greater difference between O, and O, than do cells 
with rigid walls or such cells that have plastic walls which are readily 
stretched beyond the limits of elasticitv. Even though the value O, — O, can 
give some indication of the nature of the wall, an exact expression cannot 
be expected because the capacities of the normal cells in the different zones 
are not comparable. Our O, and O, data approximately indicate that both 
the epidermis and the cortical tissues are most elastic in the third and fourth 
ZONES. 

In our present study the osmotic value at incipient plasmolvysis is of little 
value in determining the physiological effects of growth in the various zones 
because of the excessive number of variables which are involved: this fact 
makes comparisons practically impossible. This does not, of course, mean 
that in general, all other things being equal, the O, variations cannot serve 
as indicators of the variation in the physiological activity of the protoplast 
in response to external factors. As Beck (4, 5) showed, the O, is appreciably 
affected by certain external factors which indicate a physiological reaction 
in the protoplast. 

The values which we obtained for the cortical tissue are consistently 
lower than those given by Ruge for the same tissue. The lack of light and 
relatively high humidity conditions which prevailed constantly in our 
experiments (but not in Ruge’s) tend to lower the O,, so that the order of 
our data is as might be expected. 

Beck (5) showed that the tissues of herbaceous plants have lower O, 
values than do woody plants. The relatively low values which we obtained 


in the present experiments are in accord with this fact. The average values, 
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0.244 mol. for the epidermis and 0.354 mol. in the cortical region, are just 
what might be expected in tender sunflower seedlings grown under the given 
conditions. 

(), for the epidermis in zone 1 (0.28 mol.) is high compared with the value 
for zone 2 (0.25 mol.). Many trials gave this high value consistently. The em- 
bryonic state of many of the cells of zone 1 account for this. In this zone the 
youngest cells plasmolyze with difficulty because the cell sap cavity is small 
and the water uptake in the embryonic and slightly developed cells is mostly 
due to the imbibition of the protoplasm itself. 

When an attempt is made to plasmolvze very young cells a plasmolyte 
of relatively high osmotic pressure must be employed to overcome the imbibi- 
tion of the protoplasm so that the value obtained for zone 1, which is an 
average expression for the entire zone, includes the results obtained with 
embryonic cells which cannot have a true osmotic value and young cells 
having a small vacuole in which the protoplasm still has a high degree of 
imbition.” Thus it is clear that the value (0.28 mol.) which was obtained 
by the methods which are legitimate for older cells, but not entirely reliable 
for very voung cells, is naturally relatively high but involves forces that are 
non-osmotic in nature. The same may be said for the cortical cells in which 
the O, for zone 1 was 0.407 mol. 

The O, gradient in both the epidermal and cortical tissue is in the diree- 
tion of the movement of the water in the plant. The difference between the 
values of the oldest and voungest cortical cells is greater than the difference 
for the corresponding epidermal cells (see table 2 and figure 3). It may be 
thought that gradients similar to the one found in our seedlings must neces- 
sarily exist in all plants, It is, however, a fact that many authors give data 
for various kinds of plants, where the O, gradient is not in the direction of 
the streaming of the water in the plant. The data as given by them are, no 
doubt, correct and not difficult to understand when it is remembered that it 
is not the O, gradient which decides the direction in which the water shall 
flow, but the gradient of the suction tension of the cell (Sz, 

It must, furthermore, be remembered that it is not to be concluded from 


the data given in table 2 that the O, of the older tissues is low because the 


normal influx of water was greater than the amount of solute which was pro- 


duced during the process of cell development, because Beck (10) showed that 
in epidermal cells of strictly comparable plants the production of solute is 
directly proportional to the growth of the cells. Beck, Lonsing, and Andrus 

14) showed, in strictly comparable plants, that this is also true for the 
cortical cells. It follows that the lower O, value in the older cells cannot be 
ascribed to a lack of the production of solutes, but must rather be ascribed 


In this connection the experience of Weber (52) and Strugger (42) should be 
recalled. They proved that the viscosity and imbibition pressure is maximum in the young 
est cells and decreases as the cells develop. 
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to the increased capacity of the older cells and the changed conditions of 
the cell wall, particularly its increased rigidity. 

Beck (5) showed in tests which he made on many plants that the O, of 
the epidermis is always lower than the O, of tissues that lie within. Our 
figures are in accord with this fact. The difference between the O, values 
found for the cortical and epidermal tissues is greater in voung zones than 


in mature zones (see figure 3). These results indicate that in eeneral the 











Fic. 3. Difference between the epidermal and cortical sap concentrations: 
correlated with the age of the tissues. 


cortical cells can change their volume considerably more than the epidermal 
cells can during the process of plasmolysis, at least in the first five zones. 
This would indicate that the cortical tissue is a more dynamic tissue than is 
the epidermis. No doubt, the fact that relatively more solute is produced in 
the cortical tissue than is produced in the epidermis, is also a factor which 
must be borne in mind in comparing the O, values’ for the two tissues. As a 
matter of fact the thickness of the wall is greater in the older epidermal cells 
than it is in the older cortical cells. In this connection it is interesting to 


note that in zone 3 the hypocoty!] takes on an opalescent appearance, while 


in zones 1 and 2 the general appearance is more waxlike. The opalescence is, 
no doubt, the result of the total reflection of light caused by the intercellular 


spaces of the cortical tissue that are formed, as the result of the hydrostatic 
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pressure of the individual, cylindrical cortical cells, which are only in tan- 


gential contact. This may be taken as an indication of the dynamism of the 





cortical tissue. 










Concentration of the Normal Cell Sap (0O,). This quantity expresses 


the concentration of the cell sap as it actually occurs in the plant at the 





time when the tests are made. It is symbolized by O, and is expressed in 






molar coneentration, It must not be confused with the osmotic value at in- 


cipient plasmolysis. This value can change rapidly in response to external 





factors without necessarily suffering a change in the amount of solute which 





is present. In the particular experiments under consideration such fluctua- 





tion in response to external factors did not occur, because all the plants 





employed were strictly comparable and the external factors which might 





influence the concentration of the sap were carefully controlled and were 





approximately constant. The results obtained are in table 2. 





The suction tension of the contents of the cell in the normal state (Si,) 





expresses the negative physical pressure which is caused by the osmotic 


virtue of the solutes contained in the cell sap. Like all other suction tensions 





it is expressed in atmospheres. The equivalent concentration is the osmotic 





value of the sap in the normal state, and is expressed in mols; it is symbol- 





ized by O,. Since both the concentration and the suction tension of the sap 





in the normal state are useful in the comparisons and discussions for the 





seven zones of the hypocotyl of Helianthus seedlings they have been 





arranged in table 3. 









TABLE 3. Suction Tension Si,) and Equivalent Concentration of the Cell Sap 
0, n the Normal State for Helianthus Seedlings. 







Epidermis Cortical Tab. 







Zone ar : * EP 2 
_— (Si, ) 1n (O,) 1n (S1,,) 1n Q,,) 1n 


Atmospheres Mol. Atmospheres Mol. . 

















0.270 11.35 0.405 4.05 
2 6.64 0.248 11.14 0.398 4.50 
3 6.49 0.243 10.72 0.384 4.23 
4 6.14 0.228 9.52 0.344 3.38 
5 6.05 0.225 9.37 0.339 3.32 
6 6.08 0.226 8.47 0.309 2.39 

0.226 8.02 0.294 1.94 













The normal suction tension of the cell as an entity (Sz,) is not given by 


the value Si, because the wall pressure, and possibly some other vectors, tend 





to prevent an influx of water into the cell induced by the veetor Si,. Si, and 





Sz, differ in scalar value but not in direction. The two quantities usually 





vary in the same way. 
The suction tension of the normal cell sap and the hydrostatic pressure 







produced by the influx of water into the cell sap cavity affect the state of the 
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cells and averages for tissues obtained by calculation from direct plasmolytie 





determinations. These data are better adapted for comparative studies. Our 





data, given in table 3, express the average value for the cortical and epi- 






dermal tissues in the respective zones as indicated. Since they were obtained 





by the plasmolytic methods according to the direction of Ursprung and 





Blum, and since the factors of the elivironment were controlled and all 






plants were strictly comparable, they can serve to indicate chanees in the 





state of the crow ing tissues, 





The values for O, given in table 3 are relatively low when compared with 





values of similar tissues given in the literature for mature plants. This is 





hot surprising because the young seedlines were grown in light sandy, moist. 






soil, and in air of high relative humidity at optimum temperature, It is well 





known that external factors in veneral influence the O, and the Si,. Air of 






low relative humidity, dry soils, and temperatures Varying greatly from 
2° C tend to increase these quantities (4, 44), 


There is an almost regular but not sharp gradient extending from the 







oldest cells in the seventh zone to the youngest in the first zone of the epi 





dermis. A similar, but even sharper gradient is evident in the cortical tissue. 






The Si, gradients are. of course, similar to the O, gradients and the numeri- 





° 


cal expression of the quantity in atmospheres makes the gradient more pro 






nounced (7.3-6.08 atmos. and 11.35-8.02 atmos. respectively ; see table 3) 





It cannot be concluded legitimately that such O, gradients in the flow of 






water in the plant must necessarily exist because it is not the quantity Si, but 





rather the quantity Sz, which decides in which direction the water will flow. 





The values of Si, and O, are consistently higher in the cortical tissue 






than they are in the epidermal tissue. The differences are given in the last 







column of table 3 (see also figure 3). These differences show clearly that 





there is an Si, gradient and an O, gradient radially from the epidermis to 





the cortical tissue. These eradients must not be regarded as proofs that the 





Water will necessarily move from the epidermis to the cortical tissue. since 





the Si, and O differences are not satisfactory indicators of a difference of 





potential between any two cells or tissues, As stated above, it is the SZ, 





gradient which is the deciding factor for the direction of the flow of water. 





Other things being equal, however, the gradient as we find it favors a similar 





gradient for the suetion tension of the cell Sz, and tends to cause a flow of 





Water from the epidermis to the cortical tissue. These findings, therefore. are 





in harmony with the view that the epidermis tends to serve as a water reser- 





voir. In general the values obtained favor the notion that the water flows 





upward in both tissues and inward from the epidermis to the cortex. The 





difference between the suction tension of the sap of the two tissues is con- 





siderably greater in the youngest zone (zone 1) than it is in the oldest zone 








(zone 7) ; 4.05 atmos.—1.94 atmos. (see table 3). This great difference does not 
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imply that the difference is equally great for the suction tension of the two 
tissues. Later, attention will be drawn to the fact that the figures for the 
suction tension of the sap and the suction tension of the tissues are of the 
same order, but not of the same magnitude, and that the difference between 
the suction tension of the cortical tissues and the epidermal tissues of the 
youngest zones and of the oldest zones is actually considerably less (5.8 
atmos.—4.2 atmos.: see table 4) than it is in the present case for the suetion 
tensions of the sap in the same tissues. This indicates that the wall pressure 
in these two zones has changed considerably in the process of growth. 

The Concentration of the Sap When the Cell is Saturated with Water 

O,). This quantity expresses the concentration of the sap when the cell 
has been permitted to take in all the, water possible, while being immersed 
in water. It is symbolized by O, and is expressed in molar concentration. 

A considerable difference between O, and O, would indicate that much 
water can be absorbed by the normal cell when thus immersed, i.e. the sue- 
tion tension of the cell is not rapidly reduced by the influx of water, or in 
other words a counter-pressure is not rapidly set up during the influx of 
water. From this it follows that under such conditions the cell wall does not 
develop an appreciable wall pressure as the result of expansion by the hydro- 
static pressure. 

When the difference (O,,—O,) is not great it may be because the capacities 
of the cells are large and the plant in the normal state can take up water 
without considerable reduction of the concentration of the cell sap. In the 
present experiments the difference is small and the conditions are such that 
both tissues in the normal state are almost saturated. One may not use the 
difference O O, as a basis of judgment regarding the elasticity of the cell 
walls without risk of error. 

The results indicate that both the cortical and epidermal tissues are more 
plastic in the first and second zones and more rigid in the sixth and seventh. 

The differences between the concentrations of the sap in all three states 
becomes less with age. In the mature zones the differences between the con- 
centrations for the sap in the two tissues in the three states are all nearly 
the same (see figure 3). This is, no doubt, due to the increased rigidity of the 
wall in both tissues. These differences of concentration in the two tissues are 
always least for the O, and greatest for the QO),. 

It should be remarked here that the value Si, is numerically equal to the 
wall pressure W,, since the action and reaction are equal and opposite in 
direction when the gorged cell is in a state of equilibrium and the wall pres- 


sure upon the protoplast and vacuome prevents the further influx of water. 
SUCTION TENSION OF THE CELL IN THE NORMAL STATE (SZ, ) 


Since the suction tension of the cell, as an entity (Sz,), is the result of 
the suction tension of the contents of the cell (a vector acting in one diree- 
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tion) and the wall pressure (an antagonistic vector), important conclusions 
revarding the nature of the wall in growing regions can be arrived at from 
a knowledge of this osmotic quantity for cells in various phases of growth. 
Physical changes in the growing cell wall produce definite effects upon the 
force which tends to cause water to flow into a cell, even though the wall 
itself is pervious to water and does not prevent the water system from being 
continuous from one cell sap cavity to another, through the membranes and 
the protoplasm itself. 

This quantity (Sz,) expresses the force per unit area with which the cell 
as a whole tends to draw water into itself, either from a direct source of 
water or from some neighboring cell which has less tension. It is not our 
purpose to determine at this time whether the cell is active or passive in this 
process of water intake, but merely to determine the vector value which 
tends to produce a state of equilibrium, 

The numerical expression of this quantity (Sz,) is a good indicator of 
the tendency of water to flow in one or the other direction : from the environ- 
mental cells to a given cell or in the reverse direction. In the present study 
we are not considering the suction tension of individual cells but the average 


Sz, of the cell complex in a section of a given tissue as determined by the 


simplified method of Ursprung (45). This average value will indicate the 


general direction of the flow of water. 

The numerical expression of this quantity can be determined directly 
and can also be calculated from the known osmotic pressure of the normal 
cell sap which is numerically identical with the suction tension of the sap im 
the »:ormal state, and the known wall pressure which tends to press water 
from the cell, according to the law of Ursprung as expressed in the equation : 

Sz, = Si, — Wa (1) 
in which Sz, is the suction tension of the ceil; Si,, the suction tension of the 
contents of the cell; and W,, the wall pressure.* 

In the present work the values for the epidermal and cortical tissues in 


various zones of the hypocotyl of Helianthus seedlings were determined 


‘Here no account is taken of vectors other than that of the wall pressure which 
tends to reduce the suction tension of the cell, such as the tension or pressure of neighbor 
ing tissues. The complete equation is: 


Sz. —- Si, - (W+A) (2) 


in which A represents the additional forces such as tissue tension, besides the wall pressure 
which tends to increase or decrease the suction tension of the cell. 

It would, of course, have been most desirable to have determined the term A, 
ps ticularly for the pressure produced by the epidermal tissue upon the cortical in the 
normal hypocotyl, but we were unable to devise a method to do so. In the interpretation 
of the results this must be borne in mind that our results refer to the suction tension of an 
excised group of cells in which the counter-pressure of the epidermis upon the cortical 
tissue was necessarily disregarded. In spite of the difficulty of not being able to obtain 
more than an approximation of the suction tension of the cells in the normal state, the 


data are very enlightening. 
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directly and also by calculation, and the results have been recorded in 
table 4. The symbol Sz, is emploved to express this average value of the 
tissue even though it strictly refers to individual cells. In order to determine 
the suction tension directly by experiments some authors keep the same test 
strip and place it in differént concentrations of the plasmolvte and note in 
Which concentration the strip maintains its original length. The osmotie 
pressure of that concentration is accepted as the suction tension of the 
sample. This method is satisfactory if the wall is elastic and is not stretched 
bevond the limits of elasticitv. Since we have evidence that the walls of 
voung cells of the hypocoty! in question are not elastic but plastic, it was not 
safe to employ this method. We therefore never carried a test strip from 
one concentration to another. A fresh sample was taken for every concentra- 
tion emploved. After preliminary tests indicated the upper and lower limits 
of the Sz, value, with but slight variation, final tests were made in graded 
solutions, which did not vary much from each other and were within the 
limits found in the preliminary tests. The osmotic pressure of the concentra- 
tion, in which the sizes of the cells did not vary from the original, was 
accepted as the Sz, of the cells tested. 


TABLE 4. Suction Tension of the Cells Ss n th Ep dermal a ( a 1 
f Helianthus Seedlinas. 
Sz,,) in Atmospheres Diff. of (Sz.) of the 
, =— f Tissues 
Zou Ee pidermis Cortical 
Exp. Data Cal. Data Exp. Data Cal. Data Exp. Data Cal. Data 
l 9.3 5.17 11.115 11.093 5.815 9.923 
e 3.2 5.24 10.930 10.796 5.730 5.556 
} 5.1 5.17 10.600 10.583 5.100 5.413 
} 1.9 5.02 9.40 9.265 $.50 $255 
5) $.0 3.92 8.95 9.015 $4.95 5.095 
6 3.7 3.80 8.20 8.30 $50 $50 
7 3.4 3.68 7.60 7.630 $20) 3.95 


An Sz, gradient in the direction of the flow of water in a plant, as for 
example from the roots to the leaves, was long suspected and was finally 
proven to exist by Ursprung and Blum (43, 44, 47) and others. A study of 
the nature of the suction tension of the cells makes it evident that such a 
gradient must exist. If there was ever any doubt about it because of data 
obtained by ervoscopic methods, it is the result of confusing the quantities, 
suction tension of the contents of the cell (Si,), which is numerically identi- 
cal with the osmotic pressure of the normal cell sap, and the suction tension 
of the cell (Sz,). An Si, gradient in the direction of the flow of water in the 


plant may exist in a given instance as in our present experiments (see table 
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3) but in general need not exist. An Sz, gradient from the oldest cells to the 
voungest in both tissues is evident and not surprising.° 

In the epidermis the greatest variation from the average potential dif- 
ference is between zones 4 and 5 (0.9 atmos.). The greatest variation from 
the average potential difference in the cortical tissue occurs between zones 3 
and 4, namely 1.2 atmos. These greater differences must be interpreted to 
mean that either critical changes in the nature of the cell walls occur in the 
hypocotyl between 15 mm. and 25 mm. from the base of the cotyledons, or 
changes in solute production, or both. Apparently the changes occur some- 
what earlier in the cortical tissue (third and fourth zones) than in the epi- 
dermis (from the fourth to the fifth zone). Since the amount of solute pro- 
duction is proportional to the growth in both tissues (10, 14), it follows that 
the high potential difference must be due to changes in the wall, rather than 
to irregular solute production ; and since the enlargement of cells is regular, 
these relatively sudden changes in suction tension can only be interpreted 
as due to changes in the wall pressure, and consequently changes in the 
nature of the wall. 

The difference between the suction tension of the epidermal and cortical 
tissues is considerable, the average being approximately 5 atmospheres. It 
is somewhat greater than the average in the youngest three zones and some- 
what less in the oldest four zones. If the physical pressure imposed upon 
the cortical tissue is disregarded, these figures would indicate that the water 
tends to flow from the epidermis to the cortical tissue, which is in harmony 
with the notion that the epidermal tissue serves as a water reservoir. The 
fact that the difference is less in the older zones and greater in the younger 
would seem to indicate that the flow of water from the epidermal tissue to 
the cortical tissue occurs more readily in the vounger zones. It would thus 
appear that the voung developing cortical cells, not far removed from the 
region of proliferation, can be quickly supplied with water from the older 
cortical cells and also from the epidermal cells of the same age. 

The high average difference between the two tissues must not be inter- 
preted to mean that the possible flow of water from the epidermis to the 
cortical tissue is necessarily great, because the nature of the walls of the 
two tissues is not the same, and it is quite possible that a sufficient resistance 
is offered by the walls to reduce the water current which is induced by the 


high potential difference of 5 atmospheres. If it were possible to determine 


the resistance of the wall to the flow of water and incorporate it in the gen- 


> Experimental evidence of the correctness of the interpretation, that is of the flow 


of sap as indicated by the gradient, was obtained by administering sugar solutions of 


slightly greater osmotic pressure than the recorded suction tension of the cells in the 
uppermost zones, and it was noted that the hypocotyls wilted; the wilting being noted 
first directly above the soil, and then it progressed steadily to the uppermost zone. These 
facts indicate that the flow of water was reversed, passing from the upper zones to the 
next lower zones. 
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eral equation (2) as a part of the term A, the final potential difference 
between the two tissues would undoubtedly be less than 5 atmospheres, 
The average potential difference between the epidermal cells from zone 
to zone is only 0.3 atmosphere, whereas the difference from epidermal tissue 
to cortical tissue is approximately 5 atmospheres. This is rather surprising, 
since the potential difference vertically must be sufficient to cause the water 
to ascend against the force of gravity and also to overcome the resistance 
of the horizontal cell walls. It is difficult to see how the water could rise in 
the epidermal cells unless a wall resistance to the flow of water from the 
epidermis to the cortical tissue is assumed. This assumption would presup- 
pose that the nature of the vertical walls of the epidermal tissue is different 
from the horizontal walls of the epidermal cells. This assumption is not too 
bold in view of the fact that it is well known that cell walls do not grow much 
horizontally, but do grow vertically (17). We might then well assume that 
the vertical walls offer a great resistance to the flow of water, but the hori- 
zontal walls offer less resistance, so that the water flows more readily ver- 
tically into a given epidermal cell than it does from the same cell hori- 
zontally, in spite of the greater horizontal potential difference. It may 
further be assumed that the wall resistance to water flow from epidermal 
tissue to cortical tissue increases with the development of the cell wall, i.e. 
it is greatest In mature cells and least in young cells. In the older cells 
where, as was previously shown the difference between the Si, values for the 
two tissues is least and the wall resistance to water flow is probably greatest, 
there is not so great a tendency of water to flow from the epidermis to the 
‘ortical tissue In spite of the potential difference indicated by Sz, differences 


(see table 4, col. 6,7) as there is in the vounger cells. 


THE WALL PRESSURE AND THE NATURE OF THE WALL 


The wall pressure is a vector which acts antagonistically to the hydro- 
static pressure and tends to diminish or to prevent entirely the influx of 
water into the cell sap cavity. When the cell is in the state of incipient plas- 
molysis its scalar value is evidently zero, but in the saturated state it is 
maximum, and it is equal to the hydrostatic pressure or to the osmotic pres- 
sure of the cell sap (Si,). Assuming that the increment of the wall pressure, 
from incipient plasmolysis to the saturated state, is proportional to the 
change in the volume of the cell, the wall pressure of the normal cell can be 
determined according to the equation : 

W,= W ad = (; 
V.-—\ 


in which W, is the wall pressure in the normal state; W,, the wall pressure 


~~ 


in the saturated state; (V V.). the change in volume from the normal 
state to the state of incipient plasmolysis; and (V,—V,), the change in 


2 


volume from the state of plasmolysis to the state of saturation. 
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From the formula it is evident that the contraction and the expansion of 
the cell wall are important factors which influence the value W,. If the cell 
wall is extensible it offers little resistance, so that V,—V, is relatively ereat 
and the value of W, 


tion the influx of water is relatively great and the osmotic pressure (which 


_is proportionately small; furthermore, under this condi- 
is numerically equal to W,) of the cell sap at saturation is correspondingly 
low, so that both factors tend to make W,, relatively low when the walls are 
plastic and extensible. If the walls are not plastic, but elastic, V,—V, be- 
comes less, W, becomes greater and W,, becomes greater in consequence. 
The rate of increment will depend upon the coefficient of elasticity of the 
cell wall. When the walls are rigid, or only slightly elastic V,— V, is small, 
and W, not much different from Si,, i.e. relatively high. In consequence W,, 
is great and the rate of increment from zero to maximum Is great. 

From these considerations it is evident that the values obtained for W, 
should indicate, to some extent at least, the nature of the cell walls in the 
various stages of cell development; but W, depends also upon the capacity 
of the cell and on the solute produced during the cell’s growth, it may not 
be assumed that the variations of W, give an exact expression of the varia- 
tions of the modulus of elasticity of the wall. 

In this connection it should be recalled that the discovery by Ursprung 
and Blum (47) that turgor was minimum in the zones of vigorous growth 
created surprise only because the nature of the osmotic quantities and the 
nature of growth by cell enlargement were so little understood at the time. 
Now that the osmotie relations are better understood and our knowledge of 
the structure of the cell wall in the various stages of the cell’s development 
has advanced their results appear to be as they should be, and the old and 
widely held view that cell enlargement is entirely due to the hydrostatic 
pressure from within is untenable. 

These facts must be borne in mind during the interpretation of our re- 
sults. While it cannot be claimed that the wall pressure gives quantitative 
expression of the plasticity, the rigidity, or the coefficient of elasticity, never- 
theless the results give some evidence of the condition of the wall in the 
various stages of the development of the cell, and are not contradictory to 
the known facts regarding it. 

Ursprung and Blum’s discovery of minimum turgor in the zone of maxi- 
mum growth gave the first experimental evidence that the wall must grow 
actively during the process of growth by cell enlargement. The reader is 
referred to the reviews of the literature on this subject by Frey-Wyssling 
(21) and by Anderson (1). Undoubtedly the biochemical regulator auxin 
induces the active growth of the cell wall, but with time it is becoming more 


evident that the material added to the wall is elaborated by the protoplast. 


Not only is the mass of the wall changed during growth but its nature also; 
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the extensibility, the elasticity, and the rigidity are all modified. Hevn (28) 
and Séding (39) produced conclusive evidence that the changes in the na- 
ture of the cell wall are not, however, primary causes of growth. Gessner 
(23) also showed that a change in extensibility must be considered a phe- 
nomenon of growth and not its cause. The data which we present are not 
intended to prove these facts, but they are in agreement with them and serve 
well to illustrate them. 

In table 5, the results obtained for W, are given for the two tissues. Con- 
siderable experimental error was discovered in our data for the cortical 
tissue in the sixth zone and conditions prevented a repetition of the exper- 
ment so that the space for that value was left blank. 

In the examination of our data it must not be forgotten that although the 
hydrostatic pressure is not the cause of growth, it is, like the increment in 
the wall and the changes in the wall’s nature, a growth phenomenon. Unless 
solute were produced as cell enlargement proceeds the turgor could not well 
be maintained. As previously stated Beck, Lonsing, and Andrus (10, 14) 
proved that the production of solute is proportional to the growth. The 
importance of the solute as a factor in the production of wall pressure is 
evident from the equation : 

W, = Si, — Sz, (1) 
in which W, is the wall pressure; Si,, the suction tension of the contents of 
the cell; and Sz, the suction tension of the cell as an entity. From a com- 
parison of the Si, values given in table 3, the Sz, values given in table 4, and 
the W, values given in table 5, it becomes evident that the relatively low Sz, 
values for both tissues in the growing zones are undoubtedly determined by 
the changes in the nature of the wall rather than by changes in the rate of 
solute production. To make this more evident these different values have 
been plotted against the distance from the cotyledons (see figure 5). If the 
cell were not to change its volume and if the nature of the wall were to 
remain the same, the maximum (Sz,) and the minimum turgor in the region 
of greatest growth could not be explained beeause the turgor should in that 
case increase proportionately with the solute production. This, however, not 
being the case, the changes in the wall must be assumed actually to oceur. 
The changes might be in the volume of the cell, or in the nature of the cell 
wall, or in both. 

In table 5, the normal wall pressure and the pressure of the saturated 
cell are recorded. The normal wall pressure is given as derived from equa- 
tion (1) in which Sz, was obtained by direct experiment and Si, as previ- 
ously explained. It is also given as obtained by calculation according to 
equation (2). For both tissues the results obtained by the two methods are 
of the same order and of nearly the same value. 

The W, is recorded only for the purpose of giving the quantities neces- 
sary for checking the results. As previously explained they represent the 
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osmotie pressure of the cell sap at the point of saturation, Since the forces 
involved are not purely osmotic in the first zone and to some extent in the 
second, the actual W, is probably lower than the recorded value. Since W 
is an implicit function in equation (3) the value of the explicit function W, 
must be too high for these two zones. The results obtained by equation (1) 
(in which W, is not involved) can be considered as being obtained by direct 
experiment. They are actually somewhat lower than those obtained by equa- 
tion (2). They are, nevertheless, too great, because the values Si, and Sz, 
also involve non-osmotic forces in these two zones. We have no means of 
determining exactly how much lower the two values actually are. The fact 

TABLE 5. The Wall Pressure of the Developing Epidermal and Cortical Cells in 


the Hypocotyl of Helianthus Seedlinas in the Normal State (W,,) and in the Saturated 
State (We). 


(W 


"Cortical Epidermis | Cortical 
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Zone 


W 


Experi- | Experi- 
mental mental 


ated from 


Sz 
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Equation 


Si 
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aleul 


24 10.06 
0.210 5 3.29 10.00 
0.120 . 3.43 9.46 
0.120 200 08 8.47 
0.42 35: 5.93 8.56 
3,02 8.26 


7 ro 


0.42 390 05 1.42 


that we failed to obtain minimum turgor at the point of maximum rate of 
enlargement, i.e. 6.5 mm, from the base of the cotyledons or in the uppermost 
region of the second zone (10, 14), is, no doubt, due to the involvement of 
non-osmotie forees. Our actual minimum occurred in the fourth zone. This is 
particularly interesting because previously Beck and Donnelly (13) estab- 
lished the fact that in strictly comparable plants a critical point occurs 
beyond which the cells respond with great difficulty to geotropic stimulation. 
The point is well defined and is located 25 mm. from the base of the cotyle- 
dons, or at the end of the fifth zone. Our results and those of Beck and Don- 
nelly clearly indicate that some critical change must occur in the nature of 
the cell walls which is initiated in the fourth zone and is almost completed 
in the fifth. If it be assumed (and the assumption is in harmony with our 
results) that beyond the fourth zone the cells become rigid, the reason for 
the sharp point of demarcation is given. In the lowermost four zones the 
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steady increment of the wall pressure is very evident; this is, no doubt, due 
to the increasing rigidity of the wall. This becomes more evident when it is 
borne in mind that it is precisely in this region that the ability of the 
cells to expand when gorged with water (see figure 2) and the change in 
concentration of the sap from O, to O, or O, —O, becomes less (see table 2). 
Krom these results and considerations it follows that if Ursprung’s state- 
ment, that the turgor is minimum when the growth rate is maximum, must 
be taken as strictly correct, it cannot be arrived at by purely plasmolytie 
methods such as we emploved, According to our data the minimum turgor 
does not occur mm a sharply defined manner, so that low turgor extends 
through the second, third, and fourth zones. The actual minimum is in the 
fourth zone for the epidermis and in the third for the cortical tissue. 

The Modulus. The variations in the wall pressure indicated changes 
in the physical nature of the cell wall. It is desirable to express such changes 
in the variation of a modulus. This is, however, always difficult, if at all pos- 
sible. The volume modulus expresses the restoring force which is evoked by 
a given change in the mean distance between the molecules, the configuration 
remaining unchanged, The rigidity modulus measures the restoring foree 
produced by a change in the relative position of the molecules without 
changing the mean distance. Ordinarily a cross between the two is employed 
for practical purposes, which is known as Young’s modulus. None of these 
can easily be applied for the interpretation of our data. The data do, how- 
ever, permit us to express the strain produced by a given stress, and this is 
what the modulus essentially expresses. It is necessary in the expression of 
a modulus that the material be not strained beyond the limits of elasticity. 
Now, our data gave unequivocal evidence that in the first and second zones 
the turgor stretches the walls bevond the limits of elasticity, so that the 
fizures for these zones might well be questioned. Since it is difficult to verify 
if the walls have been stretched bevond the limits of elasticity, it is more re- 
liable to employ the figures obtained for the relative contraction rather than 
those for relative expansion, 

In figure 2 the relative expansion and contraction obtained in the various 
zones for the two tissues is given in graph form. The original sizes were 
determined while the specimen was immersed in paraffin oil. The expansion 
was obtained by permitting the cells to gorge themselves with water. The 
contraction was obtained by placing the specimen in the plasmolyte of the 
exact O, concentration. 

A study of figure 2 makes it evident that the cortical tissue expands more 
readily than does the epidermis. In the first four zones it also contracts more 
readily than the epidermis, but not so in the older zones. In harmony with 
the conclusion arrived at from the study of the wall pressures these graphs 


also indicate very evident changes which take place in the nature of the cell 
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walls, particularly in the third and fourth zones. It was precisely in these 
zones also where great difficulty was experienced in the exact determinations 
of the osmotic values by the method of averages and great care had to be 
exercised. It is now evident that the cells of the fourth zone are in a critical 
state and difficulty in obtaining consistent results will be experienced if one 
is not extremely careful to work the determinations exactly at the location 
within the limits indicated. 

Since the cortical tissue expands readily in the first three zones and also 
eontracts to a fair extent (in fact more than in older zones) but not nearly 
in the same degree as the expansion, it follows that this tissue is plastie but 
POSSESSES a slight degree of elasticity, and is practically non-rigid, in the first 
three zones. The epidermal tissue, however, loses in extensibility, but does 
not lose much in contractibility which would indicate that in the first and 
second zones this tissue is plastic and is practically non-elastic. The plasticity 
of the first and second zones can also be detected by attempting to break the 
hypocoty! in these regions. It breaks very easily under a bending or stretch- 
ing stress in these zones. Both tissues are therefore practically devoid of 
elasticity and rigidity in the younger zones. Beyond the fourth zone the 
hypocotyl is more tenacious and does not break readily under a bending 
stress or stretching stress. 

In table 6 moduli for the various zones are deduced by the equation: 

M bad (4) 
L,—-L, 
oe 


in which M is the modulus; W,, the normal wall pressure (stress) ; and 


L 


), the change in length per unit length (strain) from the length at 


| 4 


incipient plasmolysis to the normal length. 


TABLE 6. Moduli of the Cell Walls of the Hypocotyl of Helianthus Seedli 


ZONES 


160.0 


EN pidermis 


MODULUS 


16.06 


Cortex 


In figure 4 the moduli for the two tissues are plotted against the distance 


from the base of the cotyledons. From this figure it at once becomes evident 
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that the epidermis in general is more rigid than the cortical tissue and that 
both tissues begin to become more rigid in the third zone and increase stead- 
ily in rigidity up to the maximum in the mature cells. The results are in 
harmony with the notions that the epidermis is mainly a protective tissue 
and can serve as a reservoir of water and that the cortical tissue is a dvnamie 
one and readily takes up and gives off water particularly in the younger 


zones. 
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Mr 4. Moduli of the cell walls of the hypocotyl of Helianthus seedlings plotted 
rainst the age of the cells. 


SUMMARY AND CONCLUSIONS 


A diagram of the seedlings was made to give the dimensions and show the 
zones in which the osmotic quantities of the epidermis and cortex were deter- 
mined. The youngest cells, that is, those of the first and second zones, con- 
tained carotinoid pigment but no chlorophyll. These pigments may form a 
part of the respiratory mechanism and influence the production of auxin. 

The determinations of the sizes of the cells proved that they grow by 
enlargement in the characteristic manner, the maximum rate being at the 
point 6.5 mm. from the base of the cotyledons, i.e. in the uppermost region 


of the second zone. The region of cell proliferation does not extend much 
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beyond 1 mm. from the base of the cotyledons, i.e. the uppermost region of 
the first zone. The active growth of the walls by intussusception is a fact. 
Turgor is not the source, or at least not the sole source of energy which causes 
cell enlargement. The active growth of the wall explains why the minimum 
turgor exists in the region of maximum growtk. The transverse cell walls 
do not inerease their mass appreciably but the lateral walls do. The active 
growth of the lateral walls, their plastic condition, the high suction tension, 
and low turgor in the young cells, explain the fact that the hypocotyl] is less 
in diameter in the first zone (see figure 1). Solute is produced in proportion 
to cell enlargement. The cell sap cavity is small and the forees resembling 
osmotic forees are really non-osmotic in nature. 

The following parallel gradients were established : 

1) The plasmatie gradient; maximum viscosity being in the youngest cells. 


2) Swelling gradient; greatest swelling power being in the protoplasm of young 
cells. 

3) Electrical potential gradient; the greatest potential being in young cells. 

+) Suction tension gradient; maximum suction tension being in the actively growing 

regions, 

There are radial gradients: the concentration of the sap increases from 
the epidermis to the cortex; the O, and Sz, gradients are similar to the Si, 
gradient. 

The walls of the very young cells are plastic and extensible, while the 
older ones are less plastic and more elastic, and the mature ones are slightly 
elastic and almost rigid or non-extensible. All of these effects are probably 
the result of the activity of the protoplasm which is influenced by the auxin. 
The auxin need not necessarily be conducted to the protoplasm but may 
exercise its effects inductively in a physico-chemical manner comparable to 
the manner in which ‘‘evoeators’’ are supposed to operate in animal tissues. 
It is probable that the chromatin of the young proliferating cells is involved 
in the process of growth by cell enlargement. The walls of the cortical cells 
are more extensible than those of the epidermal cells. They are able to con- 
tract more than those of the epidermal cells while young, that is, in the 
uppermost three zones. The walls of the cortical cells are always less rigid 
than those of the epidermal cells (see figure 4). A critical change begins to 
manifest itself in the nature of the walls in the third zone, but it does not 
create an appreciable change in the normal wall pressure until later, i.e. in 
the fourth zone (see figures 4, 5) where the rate of change is marked. This 
change explains the critical point at which quick response to geotropie stimu- 
lation ceases, namely 25 mm. from the base of the cotyledons. The concentra- 
tion of the cell sap is maximum when the size of the cell is minimum, and 
vice versa. This may not be explained on the basis of increased capacity of 
the cell alone, because the production of solute is in proportion to the growth. 
O,, O,, and O, are consistently higher in the cortex (see table 2) but the 
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difference becomes smaller with the age of the cell. In the mature zones the 
difference is slight (see figure 3 

The suction tension of the cell as an entity is maximum in the voungest 
zones and minimum in the mature, so that a gradient in the direction of the 
flow of water is established. A similar gradient exists from the epidermis 
to the tissues that lie within. The greatest potential difference between the 
tissues exists In the voungest cells and it is least in the mature cells. If the 
resistance which the walls offer to the current strength of the waterflow is 
disregarded, it appears that the water can flow upward in the epidermis 
and inward to the cortex. It is probable that the older cell walls offer con- 
siderably more resistance to the current than do the young cell walls, so that 
the inward flow is probably considerably less in the older cells than in the 
younger ones, 

The maximum potential difference in suction tension between cells of the 
same tissue is between the fourth and fifth zones for the epidermis, and the 
third and fourth for the cortical tissue. This can be explained by the eriti- 
cal changes which take place in the walls of the cells in the respective regions. 

The results recorded for the wall pressure give evidence of the changes 
in the physical nature of the wall during the process of cell enlargement. 
The results for the turgor are in general agreement with the claims of 
Ursprung and Blum that it is minimum in the region of active growth. The 
minimum is not exactly at the point where the rate of enlargement is maxi- 
mum (6.5 mm. from the base of the cotyledons) but in the fourth zone where 
the critical changes in the physical nature of the wall occurs, and where the 
quick response to geotropic stimulation ceases, The turgor is maximum in 
the mature cells, where the walls are rigid. 

In figure 5 the sizes of the cells (L,) and the values of the osmotic quanti- 
ties which are of chief interest, namely, the wall pressure (W,,), the suction 
tension of the normal cell sap (Si,), and the suction tension of the cell (Sz,) 
were plotted against the age of the cells, to give a summary view of their 
relationships during the process of enlargement. 

A summary of the conditions of the cells and the osmotic quantities in 
the various zones (see figure 1) can be given as follows: 

Zone 1. The diameter of the hypocotyl is minimum. The cells contain 
carotinoid pigment which might form a part of the respiratory mechanism. 
The uppermost region, approximately 1 mm. in length is the region of cell 
proliferation ; the cells are compressed in appearance, show mitotic figures 
and lack a cell sap cavity. In the remaining part of the zone the cells fail to 
divide and begin to enlarge. The protoplasm of the cells is of maximum vis- 
cosity as is its swelling power, and its electrical charge. The cell wall is more 
intimately united with the protoplasm than in the succeeding zones, and 


plasmolysis is more difficult and takes a longer time. The walls are plastic 
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's the and extensible. The hypocotyl! breaks easily under a bending or stretching 
stress. The forces which tend to supply water are largely non-osmotie in 
ngest nature. The O,, O,, Oc, and Sz, are maximum for both tissues. The respective 
f the differences in these quantities for the two tissues are in favor of the cortex 
‘rmis and are maximum in this zone. Water flows readily from the epidermis to 
1 the the cortex. 
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Fic. 5. Size of the cells (L,), wall pressure (W,,), suction tension of the sap (Si,), 
ain and suction tension of the cells (Sz,), correlated with the age of the cells of Helianthus 
sm. seedlings. 
cell Zone 2. This zone contains the point of maximum rate of enlargement ; 
“oe it is located at 6.5 mm. from the cotyledons or 1.5 mm. from the upper limit 

head of this zone. The cells contain a slight amount of carotinoid pigment. The 
— viscosity of the protoplasm, the electrical charge, are less, in accord with the 
ore deseribed gradients. The O,, the O, the O., and the Sz, also decrease accord- 
nd ing to their respective gradients. The plasticity of the walls is still consider- 


ule able, the elasticity and rigidity are negligible, the turgor is improved par- 
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ticularly in the lowermost part of the zone, where a bending or a st retching 
stress tends to break the hv pocoty! less readily. 


Zone 


described gradients. The rigidity of the cell walls is negligible, but there are 


}. The protoplast and osmotic quantities change according to the 


indications of definite increment in rigidity which comes to clear expression 
in the fourth zone (see figure 4 





where it manifests its influence on the wall 
pressure and the suction tension (see figure 5). The Sz, potential difference 
is maximum for the epidermis in this zone. 


Zone 4. 


in this zone; they act disturbingly in the process of determining the osmotic 





Critical changes in the nature of the wall manifest their effects 








quantities so that unusual care is necessary in the work. The critical point 
where the response to the geotropic stimulation fails to follow quickly is in 
this zone. The walls are no longer plastic, but are somewhat elastic. The Sz, 
potential difference is maximum for the cortical tissue. 

Zone 
The rate of inerease is greater in the epidermis than it is in the cortical 
see figure 4) 


>. The elasticity of the walls decreases and the rigidity increases. 









tissue 
Zone 6. The cells are almost mature. The cell walls are only slightly 
elastic and more rigid. 
Zone 7. The cells are of maximum size, and the amount of solute present 
is also maximum. The wall pressure, turgor, and rigidity of the wall are 
maximum, but the concentration of the sap (O,) and the suction tension of 


the cell (Sz,) are minimum. The walls are hardly extensible, only slightly 










elastic, and the degree of rigidity is high, particularly in the epidermis (see 
figures 4, 5). 
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A NEW CONSTITUENT IN WHEAT GERM OIL 


H. H. BUNZELL 


In the course of our study of the vitamins present in wheat germ oil we 
found that wheat germ oil has a stimulating effect on the action of potato 
tyrosinase. This is true whether we use wheat germ oil extracted in the labo- 
ratory with ether and petroleum ether, or commercial wheat germ oil pressed 

Abbott’s Medicinal Wheat Germ Oil), or wheat germ oil extracted by 
ethy lene dichloride (VioBin Corporation ). 

This phenomenon seems significant because of the various physiological 
functions with which, according to recent work, the copper enzyme, tyrosi- 
nase, seems to be concerned. Perhaps the most outstanding of these relation- 
ships is the destructive effect of tyrosinase on the vaso constrictor substance 

hypertensin (8) and the oxidation of estrogens and their complete in- 
activation (9 
TECHNIQUE 

The methods used were based on work described in earlier articles (2, 3). 
The simplified catox apparatus used in these experiments is shown in figure 
1,’ and has been described before (4, 7). The constant temperature chamber 
has also been described elsewhere (7). 

The potato juice was pressed out by hand from ground peelings and was 
diluted with four volumes of water. In this dilution the tyrosinase activity 
was 0.101—0.166 Bunzell units (2, p. 40). The oxidase reagent used in this 
experiment was pure p-cresol. The reason for the choice of p-cresol in this 
connection was two-fold: one is that the mechanism of the oxidation of 
p-cresol by tyrosinase has been exhaustively studied by Nelson and collabo- 
rators (1). The other reason is that our work on the oxidases of potato tubers 
showed that p-cresol oxidation is influenced more than that of any other 
seventeen reagents used (5, 6). 

All experiments were carried out in the presence of a phosphate buffer, 
pH 7. In control experiments a highly refined Russian mineral oil was used 
in place of wheat germ oil. In the effective experiment, dilution of the wheat 


germ oil when required was made with the same mineral oil. 


PROCEDURE 


Of the three compartments of the catox apparatus, the middle one was 


not used in these experiments. It served a useful purpose in assuring separa- 


tion before deliberate mixing of materials placed in compartments 1 and 3. 
The following typical experiments will show the disposition of the materials: 


1 The plate for figure 1 was furnished by the author. 
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Experiment 1] Experiment 2 
In compartment No. 1: 1 ce. 20% potato In compartment No. 1: 1 ec. 20% potato 
Lies juice. 
In compartment No. 3: 0.022 g. p-eresol, In compartment No. 3: 0.022 g. p-cresol, 
0.5 ec. buffer sol., 0.5 ee. Rus. min. oil. 0.5 ee. buffer sol., 0.0387 y tocopherol in 


VU. Ce. Rus. min. oil. 


The constant temperature chamber was maintained at 35° C. The air 
vents (No. 7 in fig. 1) remained open until the temperature became adjusted, 
which required a little over a half an hour. The vents were then closed by 
turning the manometer (No. 5 in fig. 1) through 90° by inserting the hand 
through the trapdoor on top of the constant temperature box and beginning 
shaking, thereby mixing the components and initiating the reaction. 

Rate of shaking was 140 excursions per minute; extent of excursion was 


5 ocm 











Ficure | 


EXPERIMENTAL WORK 


Readings were made as a rule at intervals of ten minutes and the experi- 
ments were of twenty-five to thirty minutes duration. For purposes of illus- 
tration a typical set of experiments is given in table 1. The data correspond 
to the conditions outlined under experiments 1 and 2 above. 

Comparison of the final result obtained in experiment 2 with that ob- 
tained in experiment 1 shows an increase of 48°, due to the tocopherol 
preparation used. Throughout this paper only the last reading obtained at 
the end of twenty-five or thirty minutes will be used for comparison. 

The selection of the proper quantity of p-cresol is important, because of 
its destructive effect on the tyrosinase when used above certain concentra- 


194 


19453] BUNZELL: NEW CONSTITUENT IN WHEAT GERM 601 


TABLE 1. The effect of tocopherol on potato tyrosinase 


potato 
Readings 
cresol, 
erol in rime in min. Exp. 1 Exp. 2 
Control Tocopherol added 
le air 0 0.0 0.0 
isted, 10 4.9 8.2 
“1 by 20 10.0 14.8 
: 25 12.3 18.2 
hand 
ining 
tions. For example, it was found that 0.0185 g. p-cresol used in an experi- 
1 Was ment gave a final reading of 14.0, while twice that amount, 0.0370 @., re- 
sulted in complete inhibition, presumably due to the destruction of the 
tvrosinase. We found it most satisfactory to use 0.022 g. p-cresol in each ex- 
periment, this being an innocuous amount and also easily measured in our 
calibrated micropipette. 
Many experiments were performed, varying concentrations of the com- 
ponents of the system and also changing the physical conditions. Table 2 
summarizes typical data. They are representative of all results obtained. 
TABLE 2. The effect of wheat germ oil on potato tyrosinase 
me Final reading Increase due 
Addition —- os adiiithen 
_ cas 0 ad¢ Oo 
Control ‘‘ Addition 
0.5 ec. wheat germ oil (made in this laboratory by 
extraction with ether and petroleum ether) 13.2 18.0 36.4% 
0.5 ee. ditto 8.4 12.2 45.2% 
0.5 ee. ditto 5.6 9.5 69.8% 
0.5 ce. wheat germ oil (Abbott) pressed 13.6 18.55 36.4% 
0.25 ce. ditto 12.05 16.1 33.6% 
0.05 ee. ditto 13.4 17.5 30.6% 
0.005 ee. ditto 11.45 13.85 21.0% 
v.0005 ee. ditto 13.7 13.85 Insignificant 
0.5 ee. wheat germ oil (VioBin Corporation) extracted 8.65 11.75 35.8% 
0.05 ee. ditto 9.85 12.15 23.3% 
erl- 0.005 ee. ditto 8.9 10.6 19.1% 
lus- 
nd All three kinds of wheat germ oil, even if used in only 1% solution 
(equivalent to 0.005 ece.), produced an increase in the rate of tyrosinase ac- 
ob- tivity. Each set of results in table 2 represents a series of experiments carried 
rol out with fresh potato juice. There is considerable variation in the activity of 
at the juice, since no attempt was made to use peelings of uniform thickness. 
J 
This also explains why data showing an ‘‘increase’’ lack mathematical uni- 
ot 


formity. Their significance is largely qualitative. 
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In all of the experiments here summarized, as well as all others tried, the 
increase in tyrosinase activity was accompanied by a difference in color. This 
was not observed where the difference between the control and ‘‘addition”’ 
experiments was insignificant (table 2, line 8). The reaction mixture of the 
control experiments was dark brown; that of the addition experiments, brick 
red. The dark red color could be extracted with methyl! alcohol, indicating 
the presence of OH groups. Ether or chloroform extracts were colorless. 
The brick red color in the ‘‘addition’’ experiments was not soluble in 
alcohol, but gave a bright yellow solution with ether or chloroform. The 
bright vellow color of the extracts would indicate the presence of quinoid 
evroups. There is every indication that in the stimulation experiments, there 
is not only a speeding up of the reaction, but also the formation of a different 
oxidation produet. 

Wheat germ oil contains, besides the vitamins of the E complex, vitamin 
A. To determine whether the vitamin A content of the wheat germ oil is 
related to the effect here described, we evaluated the vitamin A content of 
the VioBin wheat germ oil in terms of White’s vitamin A preparation. The 
latter contained 108,100 U.S.P. units per gram. The comparison was made in 
a ‘‘Lumetron’’ electrical colorimeter using isopropyl! alcohol as a solvent. 
It was found that a 10%e solution of VioBin oil would contain per gram the 
equivalent of 0.00195 ¢. of the vitamin A oil used for comparison. This 
corresponds to a 0.2% solution of the comparison preparation. Table 3 shows 
results obtained at the end of thirty minutes. Experiments 1 and 38 are 
controls containing 0.022 g¢. p-cresol, 0.5 ce. water, 1 ce. 20% potato juice, 
and 0.5 ce. cotton seed oil. Experiments 2 and 4 contained the same reagents, 
except that the cotton seed oil was replaced by an equal amount of a 0.2% 
solution of vitamin A oil (White) in cotton seed oil. The amount of vitamin 
A in experiments 2 and 4 would equal that contained in the same volume of 


10°¢ VioBin wheat germ oil solution in cotton seed oil. 


TABLE 3. The effect of vitamin A on potato tyrosinase 
Experiment l 2 3 } 
Final reading 12.4 12.0 12.5 11.8 


Comparing the average of 1 and 3, i.e., 12.45, with the average of 2 and 4, 
i.e., 11.9, we find that no increase is brought about by the vitamin A. This 
result is corroborated by the lack of any difference in coloration in the ulti- 
mate mixtures. 

The next most obvious thought is that g tocopherol might be responsible 
for the effect. We secured a pure d,/ g tocopherol from Merck and Company. 
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The material was weighed directly into the catox apparatus. Results are 


shown in table 4. 


TABLE 4. The effect of d,l q@ tocopherol on potato tyrosinase 


In each trial the following substances were used: 0.022 g. p-cresol, 0.5 ce. buffer, 1 ce. 


20% potato juice, and Russian mineral oil and d,l q@ tocopherol as indicated below. 
Experiment l 2 3 


Control 0.0045 g. d,l @ tocopherol 0.0071 g. dl « tocopherol 


0.5 ee. Rus. min. oil in 0.5 ce. Rus. min. oil in 0.5 ce. Rus. min, oil 
Final reading 14.95 14.8 14.7 


Experiment } 5 6 
Control 0.0114 g. d,l g tocopherol 0.0195 g. dl « tocopherol 
0.5 ce. Rus. min. oil in 0.5 ce. Rus. min. oil in 0.5 ec, Rus. min. oil 


Final reading 14.2 14.3 13.8 


Results given in table 4 show that d.l g tocopherol (Merck) does not 
stimulate the action of tyrosinase. These results are corroborated by the fact 
that in both sets there was no difference in the color of the final reaction 
mixtures when the controls were compared with the corresponding tocoph- 
erol experiments. The color in all cases was dark brown. 

We next tried a preparation of a, 8, and y tocopherol (Abbott Labora- 
tories). This is made by the distillation of certain vegetable oils and contains 
25° of a mixture of the three tocopherols. We have been unable to learn 


anything about the nature of the vegetable oils used besides wheat germ oil, 


nor have we been able to establish the relative amounts of a, B, and y 
tocopherol in the mixture. Results are given in table 5. 


TABLE 5. The effect of a. p, y tocophe rol on potato tyrosinase 


In each trial the following substances were used: 0,022 g. p-cresol, 0.5 ec. buffer, 1 ee. 
20% potato juice, and Russian mineral oil and gq, B, y tocopherol as indicated below. 


» a] 


Experiment ] 2 3 
Control 0.0335 g. a, B, y tocoph 0.0387 g. a, B, y tocoph- 
0.5 ee. Rus. min. oil erol in 0.5 ee. Rus. erol in 0.5 ee. Rus. 
min, oil min. oil 


Final reading 12.3 16.7 18.2 


The a, 8, y tocopherol preparation furnished by Abbott produced a pro- 
nounced increase in the tyrosinase activity. In experiment 2 (table 5) the 
increase was 25°7, in experiment 3, 47.9% ; the color in the control was the 
usual dark brown, while in the tocopherol experiments the color of the final 


reaction mixtures was brick red. 
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CONCLUSIONS 


There is in wheat germ oil a constituent which speeds up the tyrosinase 
oxidation of p-cresol This effect is not produced by the vitamin A in the 
oil or by the alpha tocopherol. It may be produced by beta or gamma 
tocopherol or by some other constituent of wheat germ oil. Owing to the 
extremely small concentration of vitamin K in wheat germ we are not In- 
clined to attribute the effect to K. This point however, is being investigated 
in this laboratory 

Under the influence of the substance studied a different oxidation prod- 
uct is formed. This appears to be of quinoid character. It is possible that, in 
normal tyrosinase oxidation of p-cresol, the unstable hyvdroxyquinone 
formed as the third stage of the oxidation spontaneously disappears, while 
in the presence of the new component, it combines with it and thus becomes 
stabilized (10, pp. 198, 199). 

BUNZELL LABORATORIES 

New YORK 
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CROSSING-OVER AND SECOND DIVISION SEGREGATION 
IN FUNGI 


KRANCIS J. RYAN 


In some funei the sevregation of venetic factors Call be determined by 
the linear order in which different phenotypes are distributed among the 
‘sexual’? spores. When two mutant characters are found in the order A A 
aa the best interpretation is that the alleles responsible for them have sepa- 
rated in the first meiotic division. On the other hand when the arrangement 
is Aa Aa or Aaa A they have separated in the second division (Dodge 
1927 ; Wileox 1928). Such second division segregations have been explained 
by many mvcologists in terms of a disjunction of homologous chromosomes 
during the second meiotic division. Dodge (1940) has shown, however, that 
in many cases there is an equally possible alternative explanation which in- 
volves the more modern but now classical notions of first division disjunction 
and crossing-over. Despite Dodge’s suggestion, there are two studies on in- 
heritance in ascomycetes which apparently confirm with genetic data the old 
mycological point of view. Both Wiilker (1935) and Zickler (1934), who are 
aware of the view now prevalent among geneticists that alleles may be re- 
duced (separated) in either the first or second meiotic division, contend that 
secoud division disjunction of homologous spindle fiber attachments or 
kinetochores (centromeres) must also be invoked to explain their experi- 
ments with Neurospora and Bombardia respectively. This of course implies 
that each kinetochore is divided in the first division, an unprecedented hap- 
pening in the normal meiosis of other organisms. To date no adequate refuta- 
tion based upon an analysis of their extensive data has been made. 

Zickler was fortunate in being able to determine certain genotypes among 
his ascospores without dissection and germination because some of the genes 
with which he dealt affected the color of the ascospores themselves as well as 
the mycelia they produced. In a cross of the viridis and lactea mutants the 
arrangement of greenish and colorless spores in the intact ascus showed that 
second division segregation took place in 66.4 per cent of 2355 asci. This, 
Zickler pointed out, would occur if the separation of the four chromatids 
into pairs in the first meiotic division occurred at random, That is, each chro- 
matid has an equal chance to associate. with each of three others. Since only 
one of the others is a sister chromatid while two are non-sisters, first division 
segregation (association of sister chromatids) occurs half as frequently as 
second division segregation (association of non-sister chromatids) .' 

1 Wiilker believes the ratio would be 1: 1 instead of 2: 1 if the separation into pairs 
were random. His error lies in the fact that he considered only separations along the equa- 
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If Zickler’s interpretation is correct then all factors, irrespective of their 
location on the chromosome, should show second division segregation in two 
thirds of the cases 

In a cross of viridis and rubiginosa mutants, however, 8204 asei contain- 
ing greenish and reddish spores showed 64 per cent second division segrega- 
tion. Zickler himself calculated that this percentage was significantly differ- 
ent from 66.7 per cent by statistical test. In an attempt to explain this dis- 
crepancy he concluded that something (external) must have influenced the 
random separation of the individual chromosomes or suppressed their longi- 
tudinal split. 

Zickler may be correct in assuming that some uncontrolled (although 
perhaps genetic) variable is influencing the number of second division segre- 
vations. For viridis, rubiginosa and lactea are multiple alleles and, although 
he does not believe so, they would be expected to show the same percentage 
second division segregation. Nevertheless, the task at hand is to determine 
whether a second division disjunction is the necessary interpretation of these 
data 

The problem can be approached by an analysis similar to that which 
Lindegren (1933) used in his studies on Neurospora. Since color is linked 
with sex in Bombardia the percentage of new combinations of the two factors 
can be caleulated and compared with the sum of one half of the percentages 
of second division segregation of these factors. (The percentages are halved 
in order to obtain values comparable to those secured in Drosophila where 
only one half of all cases of crossing-over are observed since only one of the 
four chromatids is recovered.) In the case of a first division disjunction with 
a single crossing-over these values are equal. For example, if we assume 
crossing-over to occur in all asei as outlined in figure 1, the genotypes re- 
covered in the haploid spores would be AB, aB, Ab, and ab. Thus, there are 
50 per cent new combinations. Second division segregation of A from a 

Aa Aa) would occur in 100 per cent of the cases and this divided in half 
is 00. Here segregation of B from b in the second division (B b B b) never 
occurs and so the final value based on second division segregation is 50. This 
is exactly the same as that calculated on the basis of new combinations. When 
we assume crossing-over to occur only in some cases the values are smaller 
but still remain equal—each crossing-over results in a second division segre- 
vation so that two of four chromatids have new combinations of genes. From 
an agreement of this sort in Ne urospora, Lindegren correctly concluded not 
only that there was crossing-over in the four strand stage but that homolo- 
vous kinetochores separated in the first division. 


tional or reductional splits and failed to consider diagonal aggregations across both of 


org uo; 
~ Sal 


these planes. 


104. 


of 
wh 


res 


“rTre- 
ugh 
age 
line 


lese 


ich 
ked 
Ors 
ves 
ved 
ere 
the 
ith 


me 


1945 | RYAN: CROSSING-OVER GO7 


On the other hand, if it were granted that there is a random assortment 
of the four chromatids during meiosis as well as crossing-over, an hypothesis 
which Zickler considered, then the above comparison yields very different 
results (fig. 2). Here the genotypes recovered and their order would be: 

ab Ab ab 
aB Ab 
aBoab 


100.0% 


50 per cent of these are new combinations. However, since there is 66.7 per 


eent second division segregation of both A and B a value of 66.7 is obtained 


which is quite different from the value based on new combinations. If one 
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Fig. 1. Orthodox behavior of chromatids during the first meiotic division involving 
crossing-over and first division disjunction of homologous kinetochores (1). The kineto- 
chores split in the second division. Fic. 2. Hypothetical behavior of chromatids during 
the first meiotic division assuming crossing-over and random segregation of kinetochores 
which split in the first division. Fie. 5. Double crossing-over with first division disjunc 
tion of homologous kinetochores which results in o/d and new combinations and second 
division segregation of genetic factors. 
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assumes that the attraction of sister chromatids is somewhat ereater than 
that between non-sisters then there is a closer correspondence of values eal- 


culated by the two methods. The values eventually coincide when sister at- 





traction is complete but this situation is identical with first division disjune- 
tion of kinetochores discussed in the paragraph above. 

If we assume crossing-over to oecur only in some cases the value of 66.7 
is still obtained from second division segregations just as it was when we 
assumed either that there was no crossing-over or that Crossing over occurred 
in all of the cases. However, the value obtained from new combinations de- 
creases In proportion to the decrease in percentage of crossing-over and in 
this way the discrepancy between the two values increases. 

Thus a method seems available for determining whether a second division 
sevregation is the result of a first or a second division disjunction of homolo- 
eous kinetochores 

The only evidence which Zickler gives that could be put to this test is ina 
footnote. Here he states that there were only 37.1 per cent new combinations 
of color ana SeX Ih the rubiginosa viridis Cross, Zickler found 57.7 per cent 
second division segregation of color and 62.7 per cent second division sevre 
vation of sex. These divided in half are arbitrary measures of the map dis- 
tance of the loci from the kinetochores. Therefore 28.9 and 31.4 may be either 
added or subtracted accordine to whether the color and sex loci are on the 
same or opposite sides of the kinetochore. Since neither of the resultant 


2.5 correspond with the map distance calculated from new 


values of 60.2 or 
combinations, Zickler concludes that Crossing-over cannot explain the fre 
quency of first and second division seereeations. 

Stripped to its essence, however, this lack of correspondence simply 
means either that all the second division segregations of rubiginosa from 
viridis did not result in new combinations with sex (60.2 compared with 
37.1) or that all the new combinations were not the result of second division 


segregations (37.1 compared with 2.5). This is exaetly what could be ex- 


pected if double crossovers had occurred (fig. 3). Such crossovers ean vield 


both new and old combinations and vet the result is always second division 
segregation. If we assume for the time being that the four possible types of 
double crossing-over occur in equal proportions then the following genotypes 


are obtained in the order shown: 


- Zickler consistently found a smaller percentage of second division segregations of 
viridis from rubiginosa when he dissected and germinated ascospores than he found by 
direct count in the ascus. For example, in this experiment he found 57.7 per cent com 
pared with 64.0 per cent—an even greater deviation from the 66.7 per cent predicted on 


the basis of random segregation of kinetochores. The discrepancy between results ob 


re 
~ 


tained by different types of analyses he likewise attributes to environmental influence. 
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AB ab AB ab 25% 
Ab ab Ab aB 25% 
Ab aB AB ab 25% 
AB ab Ab aB 25% 


100% 


There are 50 per cent new combinations. But there are 100 per cent second 
division segregations of both A and B so that a value of 100 is obtained to 
compare with 50. It is obvious there is a discrepancy resembling that be- 
tween the values of 37.1 from recombinations and 60.2 from second division 
segregations obtained in the viridis-rubiginosa cross. (The value 2.5 will 
not be considered because it may not be significantly different from 0 and 
at any rate it is not predicted by the hypothesis of random segregation of 
homologous kinetochores. ) 

The discrepancy between the values for second division segregation and 
9 


new combinations can be corrected by the use of the equation m +n mn 


‘; new combinations between color and sex (Haldane 1919) where m = map 
distance or recombination between color and kinetochore and n= map dis- 
tance or recombination between sex and kinetochore. This is simply a sub- 
traction of an estimate of the percentage of old combinations formed by 
double crossing-over which give rise to second division segregation (see 
figure 3) from the percentage of new combinations expected if there were 
no double crossing-over. Solving, .289 + .314—.181= .422, or 42.2 per cent 
new combinations are expected from the data on second division segrega- 
tion when double crossing-over is taken into account and, as was assumed, 
crossing-over is random. This is rather close correspondence with the ob- 
served value of 37.1 per cent. The small difference between the two may be 
due to the presence of more double crossing-over than would be expected on 
the basis of chance. This would increase the value of mn in the equation and 
decrease the percentage of new combinations expected. Such an explanation 
seems reasonable in view of the fact that non-random crossing-over appears 
to occur among molds (Lindegren and Lindegren 1937, 1939; Whitehouse 
1942 

It would be possible to determine decisively whether Zickler’s ratios were 
the result of double crossing-over, were it possible to analyze the genotypes 
and orders of spores from the viridis x rubiginosa cross. Unfortunately, 
Zickler does not present his original data so that this point cannot be finally 
decided. 

Wiilker fortunately does present his original data on Neurospora and so 
it is possible to determine directly the proportion of ascus arrangements 
resulting from double crossing-over. Indeed, recognizing this possible in- 
terpretation, he carried out the analysis himself and showed how all the 


arrangements he found could be explained in terms of crossing-over. But 
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the presence of 28 asci resulting from three-strand crossing-over (fig. 3, C 
and PD) compared with 8 asci resulting from two-strand crossing-over (fig. 
4, A) and 8 resulting from four-strand crossing-over (fig. 3. B) seemed 
disproportionate to him. Consequently he made an elaborate estimate of the 
proper ratios of first and second division disjunctions combined with several 
types of crossing-over which would yield the ascus types he observed. It is 
not necessary to discuss these estimates because Wiilker revealed the critical 
point for his hypotheses in these words which are freely translated—‘‘ The 
appreciation of all following calculations depends alone upon recognizing 
in the value of 28 asci a deviation from the numbers expected exclusively 
from crossing-over which cannot be explained in other ways.’”’ Accordingly, 
if it is possible to show that 28 asci resulting from three-strand crossing-over 
is not beyond expectation in Wiilker’s results, it is not necessary to accept 
his scheme for second division disjunction. 

In the first place the total number of double crossovers across the kineto- 
chore (it is impossible to calculate the expected percentage of crossing-over 
in one arm because only one gene was studied in each arm), 24.4 per cent, 
resembles that calculated from the frequency of single crossing-over, 24.8 per 
cent. Moreover, it can be seen from figure 3 that the expected ratio of two-, 
three- and four-strand double crossing-over occurring at random is 1:2: 1. 
When a y’ test is applied to the fit of the 8 two-strand, the 28 three-strand, 
and the 8 four-strand double crossover asci to the 1: 2:1 ratio a P of 0.2 is 
obtained indicating a good fit to the crossing-over hypothesis for such a small 
number of cases,* thus: 


Number of strands involved in 


double crossing over 


Actual number of asei Ss 28 s 
Expectation (e 1] 22 1] 
Deviation (d 3 6 3 
d2 9 36 9 
d2 

— 0.82 1.64 0.82 
e 

d2 
> — = x2 = 3.28 P=0.2 


We may conclude therefore that in Neurospora the genetic evidence indicates 
first division disjunction of kinetochores and crossing-over. 

In summary, it is certain that Zickler’s data on Bombardia, as presented, 
are not crucial in demonstrating either a first or a second division disjune- 
tion of homologous kinetochores. The crucial data for establishing first divi- 
sion disjunction—the recognition of double crossing-over—may be in his 
original records but are not presented in his report. Neither has he found 
the data crucial for a demonstration of a second division disjunction 


It is interesting to note that Wilker’s data on Neurospora sitophila provide no 


evidence for the non-random crossing-over found by Lindegren for N. crassa. 
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namely, that all factors irrespective of their location on the chromosome 
show second division segregation in two-thirds of the cases. In short, if single 
and double crossing-over occurs, as seems likely, the data can be explained 
on an orthodox genetic basis. Moreover, besides Wiilker’s demonstration that 
the aseus types he obtained in Neurospora can be explained in terms of first 
division disjunction and crossing-over, it is possible to show that even the 
ratios of these types to one another are as would be expected on this basis. 
This is critical evidence on behalf of first division disjunction of kinetochores. 

Thus, the. 2 is every reason to believe that, in molds as in other organ- 
isms, homologous kinetochores separate in the first meiotic division (redue- 
tionally) and each kinetochore divides in the second division (equationally ge 

DEPARTMENT OF ZOOLOGY, COLUMBIA UNIVERSITY 

NEw YORK 
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THE NUMBER OF CHROMOSOMES IN TWO SPECIES OF 
AMORPHOPHALLUS 


(‘LYDE CHANDLER 


Plants of the genus Amorphophallus are native of the tropics. The giant 
forms of this genus are quite often grown as curiosities in hot houses in the 
more temperate regions. The size and structure of the inflorescence, the 
flower behavior, the short period of bloom, and the infrequeney of bloom on 
these plants in cultivation create interest for both the casual observer and 
the scientist. 

Kew cytological observations have been reported for this entire genus of 
approximately 90 species. Stout (1937) reported observations on the pollen, 
the result of germination tests and the relation of the pollen tubes to the style 
for one plant of A. titanum. The writer knows of no report concerning the 
number of chromosomes in any plant of this genus. 

Plants of two species of Amorphophallus have flowered in the conserva- 
tories of The New York Botanical Garden. A sixty-pound corm of A. titanum 
which was obtained by Dr. E. D. Merrill (1932) from A. M. Oostingh, Fort 
de Kock, Sumatra, in June, 1932, flowered in June 1937. An accurate de- 
scription of the flowering of this corm was published in the Journal of The 
New York Botanical Garden (August 1937). Root tips were collected from 
the corm when it was removed from its tub three days after flowering. These 
root tips were not actively growing and none had mitotie figures. 

Another smaller corm of Amorphophallus titanum was collected in 


Sumatra by Mr. Bb. A. Krukoff and sent to the Garden in 1935 (accession no. 


--— 9) 


77023). When the plant which was obtained from this corm was actively 
vrowing, root tips were collected and fixed for cytological observations. 
Later when the plant flowered in July 1939 it was identified as A. titanume. 
It was somewhat smaller than the plant which flowered in 1937. 

The root tips were fixed in Flemming’s medium fixative, sectioned, and 
stained with Heidenhain’s hematoxylin. Each of the seventeen somatic cells 
in which the entire complement of chromosomes could be counted contained 
26 chromosomes. A study of these showed that there were present 13 pairs 
of homologous chromosomes. It appears then that there were two sets of 13 
chromosomes each. The members of one of these sets are shown in figure 1. 

As shown, there were distinct differences in the size and shape of the 
chromosomes in each set. The longest chromosomes were about three times 
the length of the smaller ones. Since it was not convenient to make smear 


preparations of pollen-mother-cells the exact location of the spindle fiber 
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insertion regions was not determined. It seemed, however, that two of the 
chromosomes had median, four had submedian, and seven had terminal or 
sub-terminal insertion regions. 

Plants of Amorphophallus bulbifer have been growing in the New York 
Botanical Garden greenhouses since 1902 when several corms were received 
from Edinburgh (accession no. 14468). Cytological studies of the root tips 
of a plant of A. bulbifer revealed that it had 36 chromosomes in its somatic 
cells. Study of these chromosomes seemed to indicate that each of the two sets 
of homologs was composed of 18 chromosomes which were somewhat morpho- 
logically different from one another. One set of 18 chromosomes is shown in 


figure 2. Only three chromosomes here designated B, O, and K, of A. bulbifer 


rnanAiUun 


1 


ranhAnarrrrttilel 


Fic. 1. One set of chromosomes in the somatic tissue of A morphophallus tifanum., 


Q 


Fa. 2. One set of chromosomes in the somatic tissue of An wrphophallus bulbife 6 


appeared to be closely similar to chromosomes A, D, and K of A. titanwm. 
All other chromosomes in a single set differed from one another as well as 
from all other chromosomes of A. titanum. Five of these chromosomes seemed 
to have median insertion regions, nine had sub-median and four had terminal 
or sub-terminal spindle fiber insertion areas. 

Gaiser (1930) lists the number of chromosomes for 57 species of plants of 
the family Araceae. It is to be noted that Arisaema serratum var. Thunbergu 
f. Blume? is the only species for which the diploid number of 26 chromosomes 
is given. No species is accredited with 36 chromosomes in the somatic tissue. 
However, the 2n number of chromosomes in Anthurium crassinervium and 
A. Wallisii is ca. 60 and A. radicans is given as 50. The haploid number of 15 
seems most frequent while 8, 9, 10, 12 and 16 have been observed in various 


species of the Araceae. 
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In this study it has been determined that for the plants studied the 
diploid number of chromosomes in somatic¢ cells of Amorphophallus fifanum 
is 26 and that for A. bulbifer is 36. Assuming that these are all in homologous 
pairs the haploid numbers for these plants are 13 and 18. And it is the giant 
species which has the lower number. These numbers do not indicate a simple 
poly ploid relationship for these two species. 

There is, however, a striking resemblance between chromosomes A and B: 
C and D; H, I, J and K; and M and N of a single set from uA. bulbifer as 
may be observed in figure 2. 

THe New York BorTanicaL GARDEN 

New YorkK 
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THE GENUS STACHYURUS 


Hvur-Lin Li 


In this study an attempt is made to summarize our present knowledge of 
the taxonomy of the genus Stachyurus, on the basis of the material available 
in the herbarium of the Arnold Arboretum of Harvard University. So com- 
plete is this material that only one recently described Japanese species, SN. 
ovalifolius Nakai, has not been seen by this writer represented either by a 
type or a classical specimen. The types of the few varieties described in this 
paper are deposited in the herbarium of Arnold Arboretum. 

Stachyurus was first described by Siebold and Zucearini for S. praecoz, 
a Japanese species, and included in the Pittosporaceae (Sieb. & Zuec. Fl. 
Jap. 1: 43. 1835). Bentham (Jour. Linn. Soe. 5: 55. 1861; Benth. & Hook. 
Gen. 1: 184. 1862) later transfers it to the Ternstroemiaceae. To both of 
these families the genus is only remotely related. Gilg (in Engl. & Prantl, 
Nat. Pfl. 3 (6): 192. 1893) more appropriately creates for it the family 
Stachvuraceae and gives it a detailed treatment. Only two species were 
known at that time, namely, S. praecor Sieb. & Zuee. of Japan and SN. 
himalaicus Hook. f. & Thomson of the Himalayan region. In the second edi- 
tion of the Natiirlichen Pflanzenfamilien (1925), the same treatment is 
reprinted without any additional data. 

The forms treated in this review are all that are known at present, total- 
ing twelve species and four varieties. The leaves are of special use in making 
taxonomic determinations. The shape, size, apex, base, margin, and venation 
of the leaves, as well as the length of the petioles, are used extensively to dis- 
tinguish the different species. The length of the inflorescences, pedicels, and 
styles is also useful in identification. The flowering parts, except for minor 
points pertaining to the length of the styles, exhibit little variation. The size 
and shape of the fruit are sometimes essential for species identification. 

Kranchet (Jour. de Bot. 12:.254. 1898) divides the genus into two sec- 
tions, Callosurus and Gymnosurus. He characterizes the two sections as fol- 
lows: ‘‘Sectio 1. Callosurus.—folia racemos axillentia persistentis; racemi 
pedunculati. Sectio 2. Gymnosurus.—folia racemos axillentia ante anthesim 
decidua : racemi sessiles.’’ To the first section belong S. yunnanensis Franch. 
and S. obovatus (Rehder) Li, and to the second section the remaining spe- 
cies. The peduncles in the first section are rather short and not always dis- 
tinet, but in the second section the inflorescences are invariably sessile or 
subsessile. 

The inflorescences in both sections are spikes or racemes arising from the 
axils of leaves, usually produced by one-year-old wood. The differences that 


Oly 
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Kranchet emphasizes in his diagnostic summary are best interpreted as fol- 
lows: 

Sect. Callosurus: The spike grows on a normal axillary florescent axis, 
that is, without tending to displace or to suppress the leaf itself, and the leaf 
consequently persists throughout the flower- and fruit-stage. 

Sect. Gymnosurus: The spike tends to eliminate the leaf, which is eadu- 
cous; the result is that the inflorescences and infructescences are borne with- 
out a subtending leaf. 

The basis of this difference, which Franchet fails to notice, is essentially 
physiological, and presumably, to a certain extent, also anatomical. In Cal- 
losurus, the part of the stem that bears the flowers and fruits remain essen- 
tially a vegetative axis with lateral inflorescences. In Gymnosurus, on the 
contrary, the same part of the stem tends to become a floriferous axis, in a 
manner suggestive of an apical or intercalary inflorescence. The passage from 
one form of habit to the other is subtle and may, in certain species, be appar- 
ent only as a tendency, but it is marked enough to justify the retention of 
ranchet’s sections and characterizations. 

Ntachyurus is confined to the temperate regvions of eastern Asia, extend- 
ing from the eastern Himalayas in the west to the Bonin Islands in the east, 
but not ranging below 20° N. Lat. It is known in northern Burma, Tonkin, 
and Kwangtung proper, but apparently it is lacking in Hainan Island. On 
the Asiatic mainland, the spread of the genus scarcely extends northward to 
35° N. Lat., but it is found in all parts of the Japanese Archipelago as far 
north as Hokkaido. The species are local in their distribution, except SN. 
praecor Sieb. & Zuee., which is widely distributed in Japan proper, 8. chi- 
nensis Franch. and its varieties, which are known in all the Chinese provinces 
where the genus is recorded, and S. himalaicus Hook. f. & Thomson, whieh 


extends from eastern India through southern China to Formosa. 


STachyurus Sieb. & Zuce. Fl. Jap. 1: 42. pl. 78. 1835; Endl. Gen. Pl. 2: 
1083 (n. 5669). 1840; Benth. & Hook. Gen. 1: 194. 1862; Gilg in Engl. & 
Prantl, Nat. Pfl. 3 (6): 193. 1893; ed. 2. 21: 458. 1925; Rehder, Man. Cult. 
Trees & Shrubs 640. 1927: ed. 2. 654. 1940. 

Shrubs or small trees, deciduous or evergreen, glabrous, often with 
straggling branches, the branchlets with large pith, the winterbuds small, 
with 2—4 outer scales; leaves alternate, the petioles slender, the blades mem- 
branaceous to coriaceous, serrulate; stipules small, caducous; flowers small, 
regular, perfect or functionally dioecious, sessile to short-pedicellate, in erect 
or pendulous racemes or in spikes axillary on last years branches, with one 
bract at the base of the pedicel and two bracteoles subtending the flower ; 
sepals and petals each four, free, imbricate; stamens 8, distinct, the anthers 
versatile; ovary superior, incompletely 4-celled by the intrusion of the 
parietal placentae, the style simple, short, the stigmas capitate, 4-lobed, the 
ovules many; fruit berry-like, with leathery pericarp; seeds many, small, 
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with soft arillus, albuminous, the embryo straight, the cotyledons elliptic, 


the radicles short. 
Type species: Stachyurus praecor Sieb. & Zuce. 


KEY TO THE SPECIES AND VARIETIES 


A. Leaves at the base of the inflorescence persistent; inflorescences short 
| 
pedunculate, (Section I, Callosurus Franch.) 
B. Leaves ovate to oblong-ovate; inflorescences 3-9 em. long, with 12—22 


flowers or fruits. 
C. Fruits subsessile or very short-pedicellate, the pedicels to 1 mm. 


long 1. S. yunnanensis, 


CC. Fruits long-pedicellate, the pedicels 3-5 mm. long, articulate at 
the middle la. 8. yunnanensts Var. pedice llatus. 
BB. Leaves obovate to oblong obovate: inflorescences about 1.5 em. long, 

2. S. obovatus. 


with 3-8 (rarely 10) flowers or fruits 2 
AA. Leaves at the base of the inflorescence early deciduous; inflorescences 
sessile or subsessile. (Section II. Gymnosurus Franch.) 

B. Leaves oblong-lanceolate to linear-lanceolate, about 3 times or more 

as long as broad, the marginal teeth very fine, mostly close. 

C. Leaves with longitudinal veins located a little more than half way 
between the midrib and margin, united with the straight or slightly 
curved lateral nerves. 
D. Leaves narrowly linear-lanceolate, the base acute, the serra 
tions more or less remote, inconspicuous, ineurved and obtuse .. 3. S. salicifolius. 
DD. Leaves oblong-lanceolate, the base cordate, the serrations 
fine, very close, more er less straight and pointed, rigid 4. S. cordatulus. 
CC, Leaves without longitudinal veins, the lateral nerves ascending 
and prolonged. 
D. Leaf-base acute, the apex acuminate, the marginal teeth sharp 
pointed ; petioles about 2.5 em. long; inflorescences about 10 em. 


long 5. S. himalaicus. 


DD. Leaf-base cordate, the apex long-acuminate, the marginal 
teeth slightly incurved and obtuse; petioles about 4.5 em. long ; 
inflorescences about 14 em. long 6. S. lancifolius. 
BB. Leaves ovate-oblong to orbicular, about 2 times or less as long as 
broad, the marginal teeth coarse, generally more remote. 
C. Leaves ovate-oblong, about 2 times as long as broad (Japanese 
species ) 
D. Leaves long-petiolate, the petioles 3-5 em. long; fruits large, 
1.3—2 em. long. 
EF. Leaves long-acuminate, the base rounded to subcordate, the 
marginal teeth prominent, pointed ; inflorescences robust, about 
g; fruits oblong-obovate, 1.3—5 em. long 7. S. Matsuzakii, 
EE. Leaves acute, the base broadly acute, the marginal teeth 


8-9 em. long; 


less prominent, obtuse; inflorescences slender, 4—5 em. long; 
) 


fruits broadly oblong, 1.8—2 em. long. 
F. Lateral nerves about 6 on each side 8. S. macrocarpus. 
FF. Lateral nerves 9—11 on each side. 
Sa. S. macrocarpus var. prunifolius. 
DD. Leaves with petioles about 1.5-2 em. long; fruits small, 


about 1 em. long 9. S. praecox, 


CC. Leaves ovate to orbicular, as long as to less than 2 times as long 
as broad (Chinese species). 


D. Leaves acuminate or cuspidate. 
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EK. Leaves ovate, the apex long-acuminate, the base acute to 
rounded LO. S. chinensis. 
EE. Leaves orbicular, the apex abruptly short-acuminate or 
cuspidate, the base cordate. 
F. Leaves abruptly acuminate, the acumen 5-8 mm. long. 
10a. S. chinensis var. latus. 
FF. Leaves cuspidate-emarginate, the acumen 10-15 mm. 


long 1Ob. S. chinensis var. cuspidatus, 
DD. Leaves emarginate or bilobed ll. S. retusus, 
No specimen observed ic. Be ovalifolius. 


1. STACHYURUS YUNNANENSIS Franch. Jour. de Bot. 12: 253. 1898 ; Rehder 
in Sarge. Pl. Wils. 1: 288. 1912; Jour. Arnold Arb. 15: 103. 1934; Chung, 
Mem. Sci. Soe. China 1: 176. 1924; Hand.-Maz. Symb. Sin. 7: 383. 1931. 
Stachyurus Esquiroli H. Lévi. Fl. Kouy-Tchéou 416. 1915. Figure 1. 

A shrub, 1.5—3 m. tall, the branchlets olivaceous, with lenticels; leaves 
coriaceous, persistent, glabrous, greenish and slightly lustrous above, pale 
beneath, ovate-oblone to ovate-lanceolate, 6-12 em. long, 2-4 em. wide, the 
apex caudate-acuminate, the base acute, the margins finely and sharply ser- 
rulate, the teeth pointed, with callose apices, the lateral nerves 5—7 on each 
side, ascending, inconspicuous to subeonspicuous above, slightly elevated and 
conspicuous beneath, the tertiary veins inconspicuous on both surfaces; 


petioles 1-2.5 em. long; inflorescences 6—10 cm. long, erect or pendulous, 
short-pedunculate, the peduncles 0.5—-1 em. long, the flowers yellow, subses- 
sile, the bracts triangular-ovate, acuminate, about 2.5 mm. long, the braec- 
teoles ovate, acute, about 3 mm. long; sepals ovate, about 4.5 mm. long, acute; 
petals obovate, obtuse, 6-7 mm. long, about 4 mm. wide; filaments about 5 
mm. long; ovary and style about 6 mm. long, scarcely exerted, the stigmas 
capitate, distinct; fruit globose, about 6 mm. across, sessile, with persistent 
ST\ le. 

CHINA; SZECHUAN: Hung-yah Hsien, 2. H. Wilson 2555; Ping-pien Hsien, H. T. 
Tsai 62960; Mt. Omei, W. P. Fang 2634, T. T. Yii 399, 405, Y. S. Liu 1623, 1668, 1776, 


C. Y. Chiao §& C. S. Fan 71, 235, K. N. Yin 138. YUNNAN: Mo-so-yn (Lou Kong), 
Delavay 822 (syntype, photo. and merotype of leaf in AA), April, 1884, 3334 (syntype, 
merotype of flowers in AA); Champutong, Der-la, C. W. Wang 66805. KWEICHOW: 


Than-lo, J, Esquirol 3517 (holotype of S. Esquirolii H. Lévl., merotype in AA); An-lung, 
Kow-chang, Y. Tsiang 7418; Kweiyang, Chan Lin Shan, 8. W. Teng 90021 


This species ean be distinguished from the other two common Chinese 
species of the genus, S. himalaicus Hook. f. & Thomson and XS. chinensis 
Franch., by the fact that the leaves at the base of the racemes are persistent 
rather than early deciduous. The leaves of S. yunnanensis resemble those of 
S. himalaicus, differing, in addition to the character mentioned above, in the 
generally smaller size and coarser and more remote serrations. 


la. STACHYURUS YUNNANENSIS Franch. var. PEDICELLATUS Rehder in 
Sarg. Pl. Wils. 1: 288. 1912; Chung, Mem. Sei. Soe. China 1: 176. 1924. 
Figure 2. 

Differs from the species in the distinctly pedicellate fruit, the pedicels 
3—5 mm. long, articulate at the middle. 


CHINA: SZECHUAN: Yung-yang Hsien, FE. H Wilson 4541 (holotype) July, 1910. 
YUNNAN; Loping, Tjitjischan, H. Handel-Mazzetti 27 = 10188 (immature fruits; identi- 
fied by Handel-Mazzetti as S. yunnanensis Franch.). 
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Fic. 1. Stachyurus yunnanensis. Fig, 2. 8S. yunnanensis var. pe dicellatus. Fie, 3. 8. 
obovatus. FIG. " S. salicifolius. Fic. 5. S. cordatulus. Fig. 6. S. himalaicus. Fig. 7. 
8. lancifolius. Fic. 8. S. Matsuzakii. Fie. 9. 8S. macrocarpus. FG. 10. 8. praecox. Fic. 
11. S. chinensis. Fiq. 12. S. chinensis var. latus. Fic. 13. 8S. chinensis var. cuspidatus, 


Fig. 14. 8. retusus. All figures: leaves x j, serrations > 13. 
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2. Stachyurus obovatus (Rehder) Li, comb. nov. Stachyurus yunnanen- 
sis Franch. var. obovata Rehder in Jour. Arnold Arb. 11: 165. 1930; Hand.- 
Maz. Symb. Sin. 7: 383. 1931. Figure 3. 

A shrub, 1-3 m. tall, the branchlets olivaceous ; leaves subcoriaceous, per- 
sistent, short-petiolate, greenish and slightly lustrous above, pale beneath, 
obovate, 5.5-7.5 em. long, 2-3 em. wide, the apex long-caudate-acuminate, the 
acumen 1—-1.5 em. long, the base narrowly attenuate, the margins slightly 
serrulate to subentire below, finely and sharply serrulate above, the teeth 
pointed, slightly callose, the lateral nerves about 5—7 on each side, subeon- 
spicuous above, elevated and prominent beneath, the tertiary veins incon- 
spicuous on both surfaces; petioles about 0.5 em. long ; inflorescences spicate, 
short-peduneulate, 1—-1.5 em. long, the flowers sessile to subsessile, the bracts 
ovate, long-acuminate, about 1.5 mm. long, the bracteoles ovate, about 2 mm. 
long; sepals ovate, about 2 mm. long; petals ovate, 4-5 mm. long, 2-5 mm. 
wide; filaments about 4 mm. long; ovary and style about 4 mm. long, in- 
cluded, the stigmas ovate; fruit globose, about 7 mm. across, pedicellate, the 
pedicels 3-4 mm. long, articulate at the middle. 


CHINA: SZECHUAN: Kuan Hsien, W. P. Fang 2000, 12156, F. T. Wang 20504, 20618, 
Y. S. Liu 1856, C. S. Fan 81; Mt. Omei, W. P. Fang 3910, 7833, 6158, Y. S. Liu 1725, 
C. Y. Chiao & C. S. Fan 412; Ping-shan Hsien, F. T. Wang 22698. 


Professor Rehder states that ‘‘this plant looks at the first glanee very 
distinet on account of its obovate almost lvrate caudate-acuminate leaves, 
but the leaves of some specimens of S. yunnanensis before me show a ten- 
dency toward an obovate shape and the serration agrees with that of S. yun- 
nanensis. As the flowers are unknown, the specimens bearing young fruits, 
it does not seem wise to deseribe it as a new species.’ With adequate flower- 
ing material (Fang 12156 and Wang 22698) and young fruiting material 
(Wang 20504, 20618) on hand, this writer is convinced that the variety 
deserves a specific standing. The leaves are not only distinetly and constantly 
obovate in shape, but they are also generally smaller than those of S. yunnan- 
ensis Franch. Moreover, the inflorescences are characteristically very short, 
scarcely exceeding 2 em. long, and bearing only 3-8, rarely 10, flowers or 
fruits, and the styles are included, while in S. yunnanensis the inflorescences 
are 3-9 em. long, bearing 12-22 flowers or fruits, and the styles are exerted. 


3. STACHYURUS SALICIFOLIUS Franch. Jour. de Bot. 12: 253. 1898; Chung, 
Mem. Sei. Soe. China 1: 176. 1924. Figure 4. 

A shrub, 1.5—3 m. tall, the branchlets olivaceous, glabrous; leaves char- 
taceous, glabrous, dark green above, pale beneath, linear-lanceolate, 8—15 
em. long, 0.7—1.7 em. wide, the apex caudate-acuminate, the base obtuse, the 
margins inconspicuously serrulate, the teeth obtuse, incurved, the lateral 
nerves about 6-8 on each side, at first obliquely spreading, then abruptly 
ascending into longitudinal veins parallel to the midrib, their tips frequently 
joining the preceding lateral nerves, inconspicuous above, slightly elevated 
and conspicuous beneath, the tertiary veins inconspicuous on both surfaces; 
petioles short, 4-8 mm. long; inflorescences 5—7 em. long, erect or pendulous, 
subsessile ; flowers greenish white, subsessile or short-pedicellate, the bracts 
triangular-ovate, acuminate, about 2 mm. long, the bracteoles ovate, acute, 
about 2.5 mm. long; sepals ovate, about 4 mm. long, acute; petals obovate, 
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about 4 mm. long, 3—5.5 mm. wide, obtuse ; filaments 5—6 mm. long; ovary and 
style about 6 mm. long, scarcely exerted, the stigmas capitate, distinet ; fruit 
vlobose, about 4-6 mm. in diameter, with persistent style, the pedicels about 
2.5 mm. long. 


CHINA: SZECHUAN: Mt. Omei, FE. H. Wilson 4808, W. P. Fang 2720, 3186, 12890, 
T. T. Yii 409, 452, Y. S. Liu 1142; Ping-shan Hsien, F. T. Wang 22752, 22763. YUNNAN: 
Tschen-fong-shan, R. P. Delavay s.n. (holotype, photo. and merotype in AA), July, 1894; 
Yi-liang Hsien, H. T. Tsai 52118. 


This species is easily distinguished from the others by the long and nar- 
row linear-lanceolate leaves with rather short petioles 4—5 mm. long. 


4. STACHYURUS CORDATULUS Merr. Brittonia 4: 122. 1941. Figure 5. 

A shrub, subscandent, the branches glabrous; leaves chartaceous to cori- 
aceous, glabrous, olivaceous on both surfaces to slightly paler beneath, oblong 
to oblong-lanceolate, 10-12 em. long, 2.3-4 em. wide, the apex subcaudately 
acuminate, the base slightly or distinctly cordate, the margins finely and 
sharply serrulate, the teeth pointed, spreading, about 0.5 mm. long, with 
callose apices, the lateral nerves 7 or 8 on each side, spreading, straight or 
slightly curved, united with longitudinal nerves located a little more than 
half way between the midrib and the leaf margins, subconspicuous above, 
distinct and elevated beneath, the tertiary veins inconspicuous on both sur- 
faces; petioles 6—9 mm. long; inflorescences spicate, 4-9 em. long, subsessile, 
the flowers greenish to slightly rosy, 5-6 mm. long, sessile, the bracts 1.5-2 
mm. long, ovate at base, long-acuminate, the bracteoles ovate, about 2 mm. 
long, subacute to short-acuminate ; sepals elliptic, concave, rounded, about 3 
mm. long; petals obovate, rounded, about 5 mm. long and 3.5 mm. wide; 
filaments 1.5-2 mm. long; ovary ovoid, the style about 1 mm. long, the stig- 
mas capitate, about 1 mm. in diameter. 


BURMA: ’Nam Tamai at the Adung-Sienghku confluence, and along the Adung River, 
K. F. Ward 9176 (paratype), 9191 (holotype), Jan. and Feb., 1931. 


This distinct species is near to Stachyurus himalaicus Hook. f. & Thom- 
son in the oblong-lanceolate leaves with fine and close serrations, but it is 
easily distinguished from the latter in that its leaves are shorter-petiolate, 
the base more distinctly cordate, the apex longer-acuminate, and the serra- 
tions straight, out-pointed, and more rigid. Moreover, the species is charac- 
terized by the venation, the straight or slightly curved lateral nerves being 
united directly with the nearly as prominent longitudinal pair, which is 
located a little more than half way between the midrib and the leaf-margins. 
A similar characteristic venation is found only in 8. salicifolius Franch., but 
in that case the longitudinal veins are not always as distinct and sometimes 
are represented by extensions of the lower lateral veins not fully connected 
with the upper lateral ones. In other respects, S. salicifolius is readily dis- 
tinguished from S. cordatulus by its very narrow linear-lanceolate leaves 
with acute bases and remote, obscure, and obtuse serrations. 


5. STACHYURUS HIMALAICUS Hook. f. & Thomson ex Benth. Jour. Linn. 
Soe. Bot. 5: 55. 1861; Thiselton-Dyver in Hook. f. Fl. Brit. Ind. 1: 288. 1875: 


° hk 


Rehder in Sarg. Pl. Wils. 1: 287. 1912; Hayata, Ie. Pl. Formosan. 5: 8. f. 3. 
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1915; Kanehira, Formosan Trees 62. f. 1917: Chune, Mem. Sei. Soe. China 
1: 176. 1924; Ito, Taiwan Shokubutu Dzusetu (IIL Formosan Pl.) pl. 464. 
1927 ; Chun, Sunyatsenia 1: 275. 1934; Merr. Brittonia 4: 121. 1941. Stachy- 
urus Sigeyostt Masamune, Trans. Nat. Hist. Soc. Formosa 28: 287. 1938, 
svn. NOY Figure 6. 


A small tree with spreading branches, the branchlets chestnut-brown, 
with whitish lenticels; leaves chartaceous to coriaceous, glabrous, greenish 
above, pale beneath, oblong to oblong-lanceolate, 8-13 em. long, 3.5—5.5 em. 
wide, the apex long-caudate-acuminate, the base rounded to subeordate, the 
margins finely serrulate, the teeth minute, pointed, with callose apices, the 
lateral veins 5-7 on each side, ascending, elevated and prominent on both 
surfaces, the tertiary veins reticulate, subconspicuous on both surfaces: 
petioles 0.5-1.5 em. long; inflorescences 5-10 em. long, erect or pendulous, 
sessile, the flowers vellow, sessile, the bracts triangular-ovate, acuminate, 
about 2 mm. long, the bracteoles broadly ovate, acute, about 2 mm. lone: 
sepals broadly ovate, obtuse, about 3 mm. long; petals obovate, rounded, 5 
mm. long, 3.5 mm. wide; filaments 4-5 mm. long; ovary and style about 5 
mm. long, scarcely exerted, the stigmas capitate; fruit subglobose, about 7-8 
mm. across, subsessile to short pedicellate, with short persistent style, the 
pedicels 2—3.5 mm. long, articulate at the middle. 

CHIN HUNAN: Sinning Hsien, C. S. Fan § Y. Y. Li 608. HUPEH: Chang-yang 
Hsien, FE, H, Wilson 192a; no precise locality, A. Henry 3449 A fragmentary). SZE 
CHUAN: Mt, Omei, Y. S. Liu 1670, C. Y. Chiao & C. 8S. Fan 387 ; Kuan Hsien, Chien-chang 


Shan, C. S. Fan 15. SIKANG: Ya-an, C. Y. Chiao 'Zo. YUNNAN: no precise locality, 
EK. E. Maire 68, G. Forrest 9522, 9776, 16213, T. T. Vii 11434, H. T. Tsai 57266, 57599; 
Mengtze, A. Henry 10138, 10138A, 10543 ; Niou-lou-kiang, E. E. Maire 83 ; between Schin 
lung and Ta Sung Shu, C. Schneider 343; Yunnanfu, C. Schneider 3878; Ta Chang, C. 
Schneider 749; Likiang, C. Schneider 2841, J. F. Rock 10575, G. Forrest 22221, C. W. 
Wang 70699, XK. M, Feng 404, R. C. Ching 21595; Tengyueh, J. F. Rock 7994; Champu 


tong, Mt Kenyichunpo, J. F. Rock 11525; Pe Yen Tsin, Son Pin Chao, S. Ten 354, 
Ma-kwan Hsien, 77. T. Tsai 851; Shang-pa Hsien, H. T. Tsai 54738; Lan-ping Hsien, 
H. T. Tsai 54047, 56283; Lung-ling Hsien, H. T. Tsai 56464; Wei-si Hsien, H. T. Tsai 


064: 


é 19, C. W. Wang 67900; Champutong, C. W. Wang 66709; Kiukiang Valley, T. T. Yii 
(9438; Londjrela, T. T. Yii 23147; northern flank of Haba Snow Range, K. M. Feng 

southern Chungtien, A. WV. Feng 3087. KWerictiow: Fan Ching Shan, Steward, 
Chiao, & Cheo 28. KWANGSI: Ling-wan Hsien, 8S. K. Lau 20458, Steward & Cheo 625; 
Kwei-lin Hsien, Ma-wang-shan, W. T. Tsang 28230, 28349. KWANGTUNG: Pan Ling Tsze, 


W.Y. Chun 5880; Yang Shan Hsien, 7. M. Tsiu 741; Loh-chang Hsien, Chong Uen Shan, 
W. 7. Tsang 207 13, 20674. 

FoRMOSA: No precise locality, J. L. Gressitt 146; Kuanania, O. Warburg 10479; 
Arisan, prov, Kagi, FE. H. Wilson 9752, 10799; Horisha, prov. Nanto, E. H. Wilson 10097 ; 
Taiheisan, prov. Giran, EF. H. Wilson 10175, S, Suzuki s.n., K. Uno 10674; Bankingin, 
A, Henry 35; Hassensan, R. Kanehira 21190; Sankyo, K. Odashima 17850. 

INDIA: Eastern Himalaya, A. Biswas s.n. 


BURMA: Above Zuklang, Ff. K. Ward 427; Adung Valley, KX. F. Ward 9297. 


This widely distributed species can be distinguished from S. chinensis 
Franch., another species of very wide distribution, by its longer but nar- 
rower, oblong or oblong-lanceolate leaves with fine and close serrations, and 
by the smaller flowers with the style scarcely exceeding the petals. Its in- 
florescence is also generally much longer. This writer has not been able to 
distinguish the Formosan S. Siegeyosit Masamune by its descriptions from 
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8. himalaicus especially from the Formosan plants of the latter species, and 
thus treats the former as a synonym of the latter. 


Tokyo 32: 135. 1918. 
Lutch. 1: 60. 1899, non 


6. STacHyurUs LANCIFOLIUS Koidz. Bot. Ma 
Stachyurus praccos sensu Ito & Matsum. Tent. F 
Sieb & Zuce. Figure 7. 

A shrub, 1.5-2.5 m. tall, the branchlets dark chestnut-brown, glabrous; 
leaves chartaceous, glabrous, lanceolate to ovate-lanceolate, rarely ovate- 
oblong, 12-19 em. long, 3.5—7.5 em. wide, the apex long-caudate-acuminate, 
the base rounded to subcordate, the margins finely serrulate, the teeth 
slightly ineurved, obtuse, the lateral veins about 8 on each side, ascending, 
subconspicuous above, elevated and prominent beneath, the tertiary veins 
reticulate, InconsSpicuoUs above, subconspicuous beneath ; petioles 3—5 em. 
long ; inflorescences 5—10 em. long, sessile, pendulous, the flowers pale yellow, 
sessile, the bracts triangular-ovate, about 2 mm. long, acuminate, the brac- 
teoles ovate, about 3 mm. long, obtuse; sepals ovate, about 4 mm. long; petals 
obovate to suborbicular, about 6-7 mm. long, 5-6 mm. wide, the apex 
rounded ; filaments 3.5-4.5 mm. long; ovary and style about 3 mm. long, the 
stigmas capitate, distinet ; fruit ellipsoidal, 9-12 mm. long, short-pedicellate. 


JAPAN: Kyushu, FE. HW, Wilson s.n., 3 colleetions; Liukiu Islands, Yokohama Nursery 


Co., 8.n, 


This species is close to Stachyurus himalaicus Hook. f. & Thomson in the 
oblong- or ovate-lanceolate finely serrulate leaves with rounded to subcordate 
bases, but differs in the longer petioles, slightly larger and more obtuse ser- 
rations, longer inflorescences with larger and more densely arranged flowers, 
and the larger fruits. The type is described from Kyushu, Japan, but no 
specimen is cited in the original description. 


7. Stacuyurvus Matsuzaku Nakai, Bot. Mag. Tokyo 34: 146. 1920. Fig- 
ure 8. 

A shrub about 5 m. tall, the branchlets stout, chestnut-brown dotted with 
white lenticels; leaves chartaceous, glabrous, greenish above, pale beneath, 
elliptic, 10-14 em. long, 5—6.5 em. wide, the apex long-acuminate, the base 
acute to rounded, the margins coarsely and prominently serrulate, the teeth 
large, obtuse, slightly incurved, with callose apices, the lateral nerves 5 or 6 
on each side, ascending, subconspicuous above, elevated and prominent be- 
neath, the tertiary veins reticulate, inconspicuous above, slightly conspicuous 
beneath; petioles 2.5—5 em. long; inflorescences 4-12 em. long, sessile, pen- 
dulous, the flowers sessile, light vellow, the bracts broadly triangular-ovate, 
about 2.5 em. long, acuminate, the bracteoles ovate, about 3 mm. long, acute 
to obtuse ; sepals ovate, about 3 mm. long, acute; petals 5-7 mm. long; fruits 
obovate-oblong, 13-15 mm. long, with short persistent styles. 


JAPAN: Hondo, Shima, Soemjima 9228. 


This species is characterized by its rather robust branches, long-petiolate 
and large leaves, which are coarsely serrulate, and the rather stout inflores- 
cences. Two type collections are cited by Nakai, both from prov. Idzu, Hondo, 
the first from Hachijo Isnad, T. Nakai & N. Matsuzaki s.n., and another 
from Oshima Island. Saburo Okubo $.7. 
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8. STACHYURUS MACROCARPUS Koidz. Bot. Mag. Tokvo 32: 134. 1918. Fig- 
ure 9, 

A shrub, the branchlets dark chestnut-brown to blackish, glabrous; leaves 
chartaceous, glabrous and greenish above, pale beneath and slightly pubes- 
cent along the midrib and lateral nerves, soon glabrous, oblong te oblong- 
lanceolate, rarely ovate-elliptic to ovate-oblong, 7-14 em. long, 3-5.5 em. 
wide, the apex acuminate, the base rounded to obtuse, the margins obtusely 
and rather broadly serrulate, the teeth slightly incurved, with callose 
apices, the lateral nerves about 6 on each side, ascending, subeonspicuous 
above, elevated and distinet beneath, the tertiary veins reticulate, incon- 
spicuous above, subconspicuous beneath ; petioles 2-5 em. long ; inflorescences 
3.5—4 em. long, subsessile, the flowers subsessile, rather densely arranged, the 
bracts broadly triangular-ovate, about 2 mm. long, acuminate, the brac:: oles 
ovate, obtuse, about 2.5 mm. long; sepals ovate, about 3 mm. long; petals 
obovate, obtuse, about 5 mm. long and 3 mm. wide; filaments about 4 mm. 
long; ovary and style about 4 mm. long, the stigmas capitate, cdistinet ; fruit 
oblong, 18-20 mm. long, 12-16 mm. wide, subsessile. 


BONIN ISLANDS: No precise loeality, Hidemasa Otorno sn.. 2 eollections. 


This species is characterized by its oblong to oblong-lanceolate and acumi- 
nate leaves with remote and obtuse serrations, rather short inflorescences 
about 3.54 em. long, and large fruits up to 2 em. long. The type specimen 
is S. Nishimura 105 from Chichishima Island, Bonin. 


8a. STACHYURUS MACROCARPUS Koidz. var. PRUNIFOLIUS Tuyama, Bot. 
Mag. Tokyo 53: 7, (as purnifolius). 1939. 

Differs from the species in the thinner leaves with smaller, closer, acute 
serrations, and more numerous lateral nerves, about 9-11 on each side. 

Recorded by T. Tuyama from Bonin Islands (type specimen: Hahazima 
Island, 7’. Tuyama s.n.) ; no specimen seen by this writer. 


9. STACHYURUS PRAECOX Sieb. & Zuce. Fl. Japon. 43: pl. 18. 1835; Abh. 
Math.-Phys. Cl. Baver. Akad. Wiss. 4 (2) : 152. 1845; Frane ty & & Sav. Enum. 
Fl. Jap. 1: 59. 1875; Carriére, Rev. Hort. or 200. f. 49. 1869; Rouhard, 
Rev. Hort. 1908: 86. f. 28, 29. 1908; Hook. Bot. Mag. 108: pl. 6631. 1882; 
K. Ito, Fig. & Deser. Pl. Koishik. Bot. Gard. 2: pl. 22. 1883; Lauche, Deutche 
Dendrol. ed. 2: 413. f. 163. 1883; Nicholson, Hl. Dict. Gard. 3: 483. f. 518. 
1887 ; Bull. Coll. Agric. Tokyo 2: pl. 7, f. 21. 1895; Gard. Chron. IIT. 21: f 
97. 1897 ; Shirasawa, Ic. Ess. Forest Jap. 1: pl. 74. 1900; Schneider, Dendrol. 
Winterst. 86. f. 1903. Ill. Hand. vr 2: 363. f. 241a—b, 245. 1909; Dalli- 
more, Gard. Chron. TI. 43: 196. f. 83. 1908, 49: 213. 1911; Miyoshi, PI. 
World. yo 128: f. 1917; Osborn, slesiiten 75: 204. f. 1911; Gard. Chron. IIT. 
79: 229. 1926; Bean, Trees & Shrubs 2: 545. f. 1914; Rehder in Bailey, Stand. 
Cyel. Hort. 6: 3221. f. 9674. 1917; Man. Cult. Trees & Shrubs 640. 1927; ed. 
2, 654. 1940. Stachyurus japonicus Steud. Nom. ed. 2, 2: 630. 1841, sphalm. 
Kigure 10. 

A shrub, 1-4 m. tall, the branches spreading, the branchlets reddish brown 
or chestnut-brown, lustrous, glabrous: leaves chartaceous, greenish, lustrous 
and glabrous above, pale and slightly pubescent along the midrib and lateral 
nerves beneath, soon glabrous, elliptic-ovate to ovate-lanceolate, 7-15 em. 
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long, 3.5-6.5 em. wide, the apex long-acuminate, the base rounded to sub- 
cordate, the margins serrulate, the teeth slightly spreading, the lateral nerves 
about 5 or 6 on each side, ascending, more or less elevated and prominent 
on both surfaces ; petioles 2-5 em. long ; inflorescences 5—9 em. long, sessile to 
subsessile, erect or pendulous, the flowers yellow, sessile, the bracts broadly 
ovate, acute, about 2 mm. long, the bracteoles broadly ovate, obtuse, about 
2 mm. long; sepals broadly ovate, acute, about 3 mm. long; petals obovate, 
6-7 mm. long, 45 mm. wide; filaments 45 mm. long; ovary and style 4-5 
mm. long, included, the stigmas capitate, distinct ; fruit globose, about 8 mm. 
long, with or without persistent styles, short-pedicellate, the pedicels 1.5—2 
mm. long, articulate at the middle. 


JAPAN: No precise locality, Faurie 6128, H. Kuenberqg 2840a; Hokkaido, prov. 
Oshima, A. Miyabe & Y. Tokubuchi s.n.; Hokkaido, C. S. Sargent s.n.; Hokkaido, Kak- 
kumi Hot Spring, C. S. Sargent s.n.; Atami to Odawara, C. 8. Sargent s.n.; Miyanoshita, 
C. S. Sargent s.n.; Hondo, Shinano prov., E. H. Wilson s.n.; Hondo, Safami prov., £. H. 
Wilson s.n.; Hondo, Mino prov., K. Shiota 340, 8055, 9683; Kyushu, Nagasaki, FE. H. 
Wilson s.n.; Kyushu, Mt. Kirishima, EZ, H. Wilson s.n.; Nokogiriyama, prov. Awa, K. 
Viyabe s.n.; Chikugo, 1. Mayr s.n.; Nikko, N. Mochizuki s.n.; Mt. Amgi, Sci. Coll. Imp. 
Univ. s.n.; Ivo, XK. Sakurai s.n.; between Shojiko and Kofu, P. H. Dorsett & W. J. Morse 
61, Kobe, Rokkosan, XK, Uno 13656; Ikerigaseki, Aomoriken, K. Uno 2597. 


A species of common and wide occurrence in Japan, now frequently 
cultivated for its flowers. Siebold and Zucearini, in their original description 
of the genus and the species, mention that the plant is common in Japan, but 
cite no specimen. 


10. STACHYURUS CHINENSIS Franch. Jour. de Bot. 12: 254. 1898; Diels, 
Bot. Jahrb. 92: 475. 1900; Lecomte, Fl. Gén. Indo-Chine 1: 353. f. 33, 12-18. 
1910; Rehder in Sarg. Pl. Wils. 1: 287. 1912; in Bailey, Stand. Cyel. Hort. 
6: 3221. 1917: Jour. Arnold Arb. 8: 178. 1927; Man. Cult. Trees & Shrubs 
641. 1927: ed. 2, 654. 1940; Bean, Gard. Chron. IIT. 58: 147. f. 47. 1915; 
Garden 79: 182 f. 1915; Bowles, Garden 82: 161. f. 1918; Chun’. Mem. Sci. 
Soe. China 1: 176. 1924; Osborn, Gard. Chron. IIT. 79: 229. +. 113. 1926; 
Kirk, Brit. Gard. Flora 129. f. 45. 1927; Merr. Lingnan Sci. Jour. 7: 316. 
1931; Hand.-Maz. Symb. Sin. 7: 383. 1931; Ganteau, Rev. Hort. 1932: 95. 
f. 33. 1932. Stachyurus praecor sensu Diels, Bot. Jahrb. 29: 475. 1900, non 
Sieb. & Zuce. Stachyurus Duclourii Pitard ex Chung, Mem. Sci. Soc. China 
1: 176. 1924, nomem nudum, syn. nov. Figure 11. 


A shrub, 3—5 m. tall, the branchlets dull brownish, with scattered whitish 
lenticels, glabrous; leaves chartaceous to membranaceous, greenish and 
glabrous above, pale and glabrous and slightly pubescent along the midrib 
and lateral nerves beneath, soon glabrous, ovate to ovate-oblong, 6—12 em. 
long, 2.5-7.5 em. wide, the apex more or less abruptly long-acuminate, the 
base rounded to subeordate, the margins crenate-serrulate, the lateral nerves 
5 or 6 on each side, elevated and conspicuous on both surfaces, the tertiary 
veins reticulate, subeonspicuous to conspicuous on both surfaces; petioles 
1-2 em. long; inflorescences 6-13 em. long, sessile, the flowers vellow, sub- 
sessile or short-pedicellate, the bracts triangular-ovate, acuminate, about 
2.5 mm. long, the bracteoles ovate, acute, about 3 mm. long; sepals ovate, 
obtuse, about 3.5 mm. long; ovary and style 6-7 mm. long, exerting the 
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petals, the stigmas capitate, distinct ; fruit globose, about 6 mm. in diameter, 
with or without persistent styles, short-pedicellate, the pedicels about 1.5 
mm. long. 


CHINA: HUNAN: Hsinhwa, Hsikwanshan, HW. Handel-Mazzetti 582 11765; Yi-chang 
Hsien, Ping Ton Shan, W. 7T. Tsang < 2S. HUPEH: no precise locality, 4 Henry s.n.; 
Ichang, FE. H. Wilson 89, 125; Chang-yang Hsien, FE. H. Wilson 192; Hsing-shan Hsien, 
E. H. Wilson 2556; Gian Gia-kou, W. Y. Chun 3585; Tan Shu Ya, W. Y. Chun 4408; 
Siu Jeh-su, W. VY. Chun 4416; Patung Hsien, H. C. Chow 628. SZECHUAN: No pre cise 
locality, A. Henry 5744; Chung-hsien, W. P. Fang 506; Nanehuan Hsien, C. Bock & A, 
Rosthorn 2000, W. P. Fang 1064; Kuan Hsien, W. P. Fang 2211, S. S. Chien 5117, F. T. 
Wang £96, 20583 ; Lishui Hsien, W. P. Fang 20; Opien Hsien, W. P. Fang 7238, Y. 8. 
Liu 1999; Mt. Omei, W. P. Fang 2392, 2466, 2589, 3042, 3207, F. T. Wang 23219a, Y. 8S. 
Li T. T. Yii 386, 448, S. S. Chien 43; Hung-ya Hsien, W. P. Fang 7977, 8117, 
NO18, S686; Ma pien Hsien, W. P. Fang 4607; Chenk-kou Hsien, W. P. Fang, 10049; 
Han-yuan, W. C. Cheng 649, 669; Mao Hsien, F. T. Wang 21943; Kwang-yun Hsien, 
F. T. Wang 22688; Ping-shan Hsien, F. T. Wang 22703; Ma-pien Hsien, F. T. Wang 

s ; Lololand, between Alami and Ssuqueh, C. Schneider 927; between Oti and Quen 
tin, C. Schneider 13889. SIKANG: Dzer-nar, Tsa-wa-rung, C. W. Wang 66318, 66356, 
66389, 66392 ; Kanting, near Wu Ya Ling, C. Y. Chiao 1741. YUNNAN: No precise loeal- 


ity, G. Forrest 10143, 10245, H. T. Tsai 57320. T. T. Yii 10259; Longki and Tehan fong 
shan, R. P. Delavay s.n. (holoty pe, photo. and merotype in AA); Suen-oui, E. E. Maire 
i> Cal pou, &, E. Maire 146; Likiang, C, Schneider 29 £98. J. F. Rock 4059, 8 ) 8541° 


Chao-tung Hsien, H. T. Tsai 50899; Cheng-hsiung Hsien, H. T. Tsai 5.2. ; Ping-pien 
Hsien, H. T. Tsai 62297, 62613; Shang-pa Hsien, H. T. Tsai 54805, 1103, 56542; 
Chi-tze-lo, H. T. Tsai 5418 ) 58558: Wei-si Hsien, C. W. Wang 638031, 63589, 63694 
64055, 68084; Champutong, C. W. Wang 66682; Atungtze, Mt. Kakerpu, 7. T. Yi 


; Shunning, Hila, T. T. Yu 16474; southern Chungtien, Anangu, AK. M. Feng 1011. 
KWEICHOW: Tsungyi Hsien, Steward, Chiao, § Cheo 32; Kweiyang, S. W. Teng 90041, 


KWANGSI: Northern Luchen, Chufeng-shan, R. C. Ching 5782; northern Hin Yen, Yeo 
Mar Shan, R. C. Ching 7154; Chuen Yuen, Z. 8. Chung 82022. KWANGTUNG: Lohchang 
Hsien, ¥. Tsiang 1373, 1399; Yu-yuen, 8S. P. Ko 9192, 52562. FUKIEN: No precise local 
ity, Hongk. Herb. 24 ; Pu-cheng, R. C. Ching 2503. (Also recorded from Shensi, 


Anhwei, Chekiang, and Kiangsi ( Rehder l.c., Merrill, lc. 
INDO-CHINA: Tonkin, Chapa, A. Petelot 5690 


This species of very wide distribution is close to the common Japanese 
species NS, praecox Sieb. & Zueec., but may be distinguished by the broader 
and more abruptly acuminate leaves, the relatively longer petioles, the 
shorter pedicels in the fruit, and the smaller fruit. The leaves of S. praecor 
are more oblong and longer acuminate. 

A photograph taken by Professor Rehder from the type specimen of 
Stachyurus Duclorii C. J. Pitard in the Paris Museum (Yunnan: Hay tien, 
Fr. Duclour 2367, March, 1904), which apparently has never been published, 
together with fragments of leaves and inflorescences, are found in the her- 
barium of the Arnold Arboretum. The name is listed in Chung’s Catalogue 
of Trees and Shrubs of China (l.c.), probably being based on this particular 
photograph. The specimen is a flowering plant with juvenile leaves. It appar- 
ently represents S. chinensis Franch. 

Stachyurus chinensis is quite variable in the size, shape, and serration of 
the leaves. These variations, however, although manifest in some cases, are 
gradual and inconstant. The species as a whole is generally easily recogniz- 
able and distinguishable from other species. The following varieties are rec- 
ognized. 
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10a. STACHYURUS CHINENSIS Franch. var. latus Li, var. nov. Figure 12. 
A typo speciei differt foliis plerumque latioribus, tenuiorbius, 6—7.5 em. 
longis, 5—-6.5 em. latis, suborbicularibus vel ovatis, basi distinecte cordatis, 
margine crasse serrulatis, apice abrupte acuminatis, acumine 5-8 mm. longo. 


CHINA: ANHWEI: Chiuhwashan, S. C. Sun, 1216. HONAN: Sunghsien, San Kuan 
Miao, J. Hers 1305 (TYPE), Sept., 1919. HuUPEH: Feng Hsien, F. H. Wilson 292; Wan 
Tsao Shan, W. Y. Chun 3901, 3956; Hsin Tien Tsze, W. Y. Chun 4039, 4041; Huan Tsao, 
W. ¥. Chun 4138. SZECHUAN: Nanchuan Hsien, C. Y. Hwang 99, W. P. Fang 830, 920, 


1 


£02, 5528; Cheng-kou Hsien, W. P. Fang 10309, 


This variety is found in the provinces along the Yangtze Valley and 
north of it. The typical form of the species is found mainly in the southern 
provinces. The Honan and Anhwei specimens of this variety are clearly dif- 
ferent from the typical form, while plants from western Hupeh and Sze- 
chuan, where the typical form is also located, are in some instances without 
very sharp distinction. The typical form, occurring in the south, is nearer 
to S. himalaicus Hook. f. & Thomson both geographically and structurally 
in the shape and serrations of the leaves than this variety. 

It could be mentioned in this connection that specialization in the shape 
and serrations of the leaves in the genus is clearly traceable, as illustrated 
by the figures, from S. himalaicus, with oblong-ovate, acuminate, finely ser- 
rulate leaves, to NS. chinensis, then to S. chinensis var. latus and S. chinensis 
var. cuspidatus, finally to S. retusus, with orbicular, emarginate, cordate 
leaves with much coarser serrations. 


10b. STACHYURUS CHINENSIS var. cuspidatus Li, var. nov. Figure 13. 
A typo speciei differt foliis suborbicularibus, 6.5—-7.5 em. longis, 5.5—-6.5 
em. latis, basi rotundatis vel cordatis, apice latis, cuspidato-emarginatis, 


acumine lineari, 1—1.5 em. longo, 0.3—0.5 em. lato, interdum nullo. 


CHINA: SZECHUAN: West of Wen-chuan Hsien, W. P. Fang 20945 (TYPE), May 21, 
1931. 


11. StachHyurus RETUSUS Yang, Contr. Biol. Lab. Sci. China 12: 105. 
pl. 6.1939. Figure 14. 

A shrub, about 3 m. tall, the branchlets dark olivaceous, covered sparsely 
with white lenticels: leaves chartaceous, green, lustrous, and glabrous above, 
pale, white, tomentose to glabrous beneath, orbicular-oblong, 4.5—8 em. long, 
4-8 em. wide, the apex retuse, rarely truncate or bilobed, the base cordate, 
the margins serrulate, the teeth obtuse, slightly incurved, the lateral nerves 
5 or 6 on each side, ascending, elevated and prominent on both surfaces, the 
tertiary veins reticulate, conspicuous on both surfaces; petioles 1.5—2.3 em. 
long: inflorescences (immature) to 4 em. long, pendulous, subsessile, the 
bracts broadly triangular-ovate, about 2 mm. long, acuminate, the bracteoles 
2. the flower buds sessile, the style very short, the stigmas globose, 4-lobed. 


CHINA: SZECHUAN: Mt. Omei, F. T. Wang 23248, 

This species is characterized by its suborbicular leaves, which are emarg'- 
nate or bilobed at the apex and cordate at the base. Yang, basing on C. W. 
Yao 3365 from Mt. Omei, Szechuan, describes the lower surface of the leaves 
as being densely covered with white hairs, which are not observed in the 
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above cited specimen, but which may be present on younger specimens and 
falling off in age as in some other species of the genus. The specimen eited, 
collected from the type locality, bears also immature racemes like the type 
and therefore no additional data could be added. The leaves are more or less 
chartaceous, in size and serration closely resembling those of S. chinensis; 
the general shape resembles especially that of var. latus. Apparently the leaf 
represents further specialization resulting in the disappearance of the 
acumen of var. cuspidatus. Occasionally an emarginate leaf like that of this 
species can also be found on a few specimens of SN. chinensis. More material, 
particularly mature flowering and fruiting specimens, is needed for study 
in order to decide whether it is best to treat this as a variety of SN. chinensis 
or to retain it as specifically distinct from the latter. 


12. STACHYURUS OVALIFOLIUS Nakai, Jour. Jap. Bot. 15: 534. 1939. 
A shrub, 3—6 m. tall, the branches pale brownish to red-brownish ; leaves 
ovate to broadly ovate to cordate-ovate. green and glabrous above, pale and 


sparsely pilose along the nerves or glabrous beneath, 7-12 em. long, 5 


(cm. 
wide, the apex ecuspidate, the base rounded or cordate to truneate, the mar- 
gins coarsely mucronate-serrulate; petioles 15) em. long; inflorescences 
racemose, dioecious, the male 7-12 em. long, the female 3-7 em. long, gla- 
brous, the bracts deciduous; sepals and petals 4, distinctly imbricate; 
stamens 8, in 2 series, in male flowers 6-7 mm. long, in female flowers 3 mm. 
long, the anthers ovate-rounded ; ovary ovate, the base pilose, the style 2—2.5 
mm. long, the stigmas capitate; fruits about 15 mm. long, oblong to oblong- 
pyriform, with persistent style. 


This species is described by Nakai from Hondo, Japan, and based on 
seven collections (Prov. Sagami, Enosima, 7. Nakai s.n., 2 coll., Yasu-iti 
Vomiyamea s.n., 2 coll., Hayakawa, AKiyotaka Hisanti s.n.; Prov. Izu, Osima, 
T. Nakai s.n.; between Yawatano and Naramoto, 7. Nakai s.n.). No specimen 
has been seen by the writer. Nakai mentions: ‘‘affinis 8S. praecor et S. Matsu- 
aki, sed a priori foliis sepe cordato-ovatis grossius serratis, floribus viri- 
dulis vel viridi-flavascentibus majoribus, fructibus oblongis vel pyriformi- 
bus; et a posteriori caule fruticoso, foliis brevibus cordato-ovatis distinctus 
est.’’ Again at the end of the description he notes that ‘‘this is a coastal 
plant, easily distinguishable from S. praecoxs by its more vigorous growth, 
more reddish branchlets, larger shining leaves, longer spikes, and larger 
paler flowers.’’ From Nakai’s original description, the species appears to be 
particularly close to S. Matsuzaki. Nakai. As no specimen is available for 
study, this species is not incorporated in the kev. 


ARNOLD ARBORETUM, HARVARD UNIVERSITY 
JAMAICA PLAIN, MASSACHUSETTS 
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THE SEPARATION OF ERIGERON FROM CONYZA 
ARTHUR CRONQUIST 


The preparation of a revision of the North American species of Erigeron, 
in which I am currently engaged, necessitates a careful delimitation of the 
venus. As is well known, it passes on the one hand into Aster and on the 
other into Conyza. In distinguishing it from Aster, I have found necessary 
only minor changes, involving individual species. Its present separation 
from Conyza is much less satisfactory, however, and merits detailed con- 
sideration. 

The genus Conyza, as now commonly treated, differs from Erigeron in 
having no ligules at all on the numerous multiseriate pistillate flowers, This 
despite the fact that Bentham and Hooker' admit that Conyza may some- 
times have narrow ligules shorter than the styles, and indicate that C. 
absinthiaefolia DC. sometimes has short ligules and sometimes lacks them. 
Bentham,’ in a classic paper on Compositae, says: “*To distinguish, however, 
Conyza and Erigeron from Aster, we have but little besides the increase in 
number and reduction in size of the female florets, which in Erigeron, 
although they have still the corollas produced into a ligula, have that ligula 
always very narrow, and often short ; whilst in Conyza these corollas are still 
further reduced to a filiform tube, shorter than the style, toothed or truncate 
at the top, the ligula remaining undeveloped.’’ A few pages farther on he 
savs of the female florets of Conyza, ‘‘rareiy producing a small scarcely 
spreading ligula.”’ 

The genus Erigeron usually has numerous central hermaphroditic flowers, 
and from few to numerous pistillate flowers with well-developed ligules. In 
some species the ligules are short or even absent, but the heads seem other- 
wise unaltered. The tubular pistillate corollas merely lack ligules. Several 
ordinarily ligulate species have eligulate forms of this type. 

In the section Trimorphaea (ineluded in Euerigeron by Bentham * the 
most common species of which is E. acris L., the corollas of the outer pistil- 
late flowers are very slender and bear short filiform ligules which sometimes 
do not exceed the pappus. Usually there is an inner series of pistillate flowers 
with no ligules at all. Here we have an obvious approach toward the Conyza 
type, there being needed to complete the transition merely the disappear- 
ance of the already filiform and short ligules, and some decrease in the 
number of central hermaphroditic flowers. Trimorphaea is inextricably 
bound to Erigeron, however, by the obvious evolutionary line of EF. simpler 
Greene, E. uniflorus L. (sens. lat.), and E. alpinus L., in which FE. simplex 


1Gen. Plant. 2(1): 283. 1873. 


Jour. Linn. Soe. 18: 335 oid. 1873. 
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is true Erigeron, EF. alpmus is Trimorphaea, and EF. uniflorus is somewhat 
intermediate 

The next step in the progression toward Conyza is furnished by the see- 
tion Cor novus, the most common spectes ot which IS EB. canadensis L The 
veneric names Leptilon Raf. and Conyzella Rupr. have sometimes been used 


’ 


for this group by those who were unwilling to include it in Erigeron but not 
bold enough to transfer it to ‘Tonyrza. Coenotus differs from Trimorphaea 
in having the central hermap:.roditic flowers usually fewer, the pistillate 
flowers comparatively more numerous, and the ligules reduced so that to 
casual inspection the heads appear discoid. In the words of Asa Gray,’ the 
narrow ligule is ‘always short ~ than its tube, often shorter than the style 
branches, or even obsolete.’’ Le it noted again that Bentham and Hooker 
allowed the presence of ligules shorter than the stvle branches in Conyza. 

The differences between Coe: ofus and Trimorphae aare not ereat, but the 
species of the two froups do net seem intimately related. FE. canadensis, the 
most nearly bridging species of the section, is scarcely confusable with any 
species of Trimorphaea. Although it is reported to produce a sterile hv brid 
with £. acris,* no one familiar with the two species would consider them very 
closely related. 

From Coenotus to true Con ‘za, with no ligules at all, is an easy step, as 
Gray’ further indicates by the .tatement, ‘‘with the aspect of Cony2a, and 
passing into that genus.’’ 

Superficially, it seems reasonable to include in Erigeron all the species 
which have any ligule at all, and restrict Conyza to the entirely eligulate 
species. This has been the general practice, despite the fact that Bentham 
and Hooker admitted to Conyza some species with tiny ligules, Unfortu 
nately, the resulting generic segregation is highly artificial. Species which 
are obviously related to true Conyza species, and which have every external 
appearance of Conyza, are found to have tiny ligules, and are thus placed in 
Erigeron. We have Erigeron microglossus Blake?’ the deseriber of which 
said, ‘‘The species, although of Conyzoid appearance, is technically a true 
Erigeron in the presence of a definite although minute ligule.’’ The ligule 
is described as being 0.3 mm. long! We have Conyza mima Blake. of which 
Blake said, ‘‘The species is named from its great resemblance to Erigeron 
subspicatus Benth., a resemblance so close that except in technical characters 
of the head the two species can scarcely be distinguished.’? We have the 
paired species Erigeron gnaphalioides HBK and Conyza guaphalioides 
HBK., much confused in herbaria and distinguished chiefly by the fact that 
the former has tiny ligules. Conyza Coulteri Gray is similarly confused with 
E. Schiedeanus Less., for which Gray himself at first mistook it. 

Syn. Fl. N. Am. 1(2): 220. 1884. 
‘ Vierhapper, F. Monographie der Alpinen Frigeron—Arten Europas und Vor- 


derasiens. Beih. Bot. Centralbl. 19(2): 385—560. 1906, 


Contr. Gray Herb. Il. 3(52): 16-59. 1917. 
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Descriptions of new tropical species, of Conyzoid aspect, but referred to 
Erigcron because they possess minute ligules, continue to appear intermit- 
tently in scientific journals. Long-accepted species of Conyza (e.g., Conyza 
notobellidiastrum Griseb.) are transferred to Erigeron because the outer 
florets are found to possess minute ligules, The Gray Herbarium Card Index 
lists an even dozen South and Central American species of Conyza that have 
been transferred to Erigeron. No doubt a t! orough inspection of the genus 
would reveal that other plants still reposing peacefully as species of Conyza 
possess more or less definite ligules. Furthermore, it seems not unlikely that 
field study of species now known chiefly from herbarium sheets would show 
some of them to be not entirely constant © the matter of ligules, placing 
them in company with C. absinthiaefolia., 

If our taxonomic system is to be merely a series of convenient pigeonholes 
whereby plants may be catalogued, we may well distinguish Erigeron from 
Conyza by the presence of a ligule, even if it be microscopic. We should then 
dismember the species which may or may not have ligules, placing the ligu- 
late individuals in one genus, and the eligulate individuals in the other. If, 
however, we hope to arrive at a natural arrangement, we must seek farther 
for our distinetion. 

In surveying the numerous species wh ch link true Erigeron to true 
Conyza, we find that in only one place is the: » any suggestion of a real break. 
That is between Trimorphaea and Coenotus. Here at least we are not reduced 
to separating into different genera species which are almost indistinguisha- 
ble. I therefore propose that the section Coenotus be transferred in toto to 
Conyza, and expanded to include all the species of the genus which ordi- 
narily possess ligules. 

Conyza and Erigeron are redefined as follows: 

Conyza: Central hermaphrodite flowers few; pistillate flowers numerous, 
with filiform corollas; ligules, if present, inconspicuous, shorter than the 
tubes and scarcely if at all exceeding the pappus. 

Erigeron: Central hermaphrodite flowers many, or sometimes rather few; 
pistillate flowers few to numerous, sometimes with filiform corollas, but then 
the outer at least with definite ligules equalling or surpassing the pappus. 

Even as redefined, the two genera are not sharply distinct, as will be 
noted from the foregoing characterizations. In America, little or no trouble 
will be encountered in placing any particular species in the proper genus. 
In the old world it may sometimes be more difficult, for it is there that the 
section Trimorphaea reaches its greatest development. I believe that the most 
satisfactory procedure, in any doubtful case, will be to refer the species in 
question to the venus to which its nearest relatives belong. In some cases this 
may necessitate considerable study, but the result will be a more nearly 
natural delimitation of the genera involved. Precisely the same type of situ- 


ation exists in distinguishing Erigeron from Aster. It has already in some 
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cases been met in the fashion here proposed, by referring the species to the 
genus to which its nearest relatives belong. Erigeron peregrinus (Pursh 
Greene, for example, is correctly treated by almost all modern American 
botanists as being an Erigeron rather than an Aster, because it is closely 
related to undoubted species of Erigeron, although on the basis of technical 
characters it might better be placed in Aster. 

Some minor points which may have some bearing may be mentioned. The 
venus Conyza is largely tropical, and according to Bentham (2), ‘‘ranges 
over the warmer regions of Asia, Africa, and America.’’ Further, Bentham 
SaVvs, ** Muerigqeron ... belones to the northern hemisphere, and is chiefly 
mountainous. . . . Coenotus, the section which passes into Conyza, is now 
pretty nearly cosmopolitan, and like Conyza, overruns tropical as well as 
temperate regions, the preponderance of local species being African as well 
as American. .. . The well known E. canadensis . . . is almost intermedi- 
ate between Cocnotus and Euerigeron.’’ Thus we see that in distribution 
Coenotus is more nearly like true Conyza than like true Erigeron. The weedy 
habit of FE. canadensis is quite in keeping with that of some species of true 
Conyza lurthermore. the species E. canadensis which is most nearly 
intermediate between Coenotus and true Erigeron is certainly of Conyzoid 
aspect, and does not seem closely related to anv species of undoubted 
Erigeron. 

[ shall publish formal transfers for only a few American species. The 
rest I leave to others who may be more conversant than I with the individual 


species coneerned. 


Conyza araneosa (IUrb.) Cronquist, comb. nov. EF. araneosus Urb. Symb. 
Antill. 3: 404. 1902. 

Conyza bonariensis (L.) Cronquist, comb. nov. FE. bonariensis L. Sp. Pl. 2: 
863. 1753. 

Conyza canadensis (l.) Cronquist, comb. nov. BE. canadensis L. Sp. Pl. 2: 
863. 1753. 

Conyza confusa Cronquist, nom. nov. FE. gnaphalioides HBK. Nov. Gen. 4: 
Od. pl. 337. 1820. Not Conyza qnaphalioides HBK. 

Conyza eriophylla (Gray) Cronquist, comb, nov. FE. eriophyllus Gray, PI. 
Wright. 2: 77. 1853. 

Conyza microglossa (Blake) Cronquist, comb. nov. EF. microglossus Blake 
Contr. Gray Herb. IT. 3(52) : 31. 1917. 

Conyza parva Cronquist, nom. nov. E. pusillus Nutt. Gen. 2: 148. 1818. Not 
Conyza pusilla HBK. 

Conyza ramosissima Cronquist, nom, nov. FE. divaricatus Michx. Flor. Bor. 
Am. 2: 123. 1803. Not Conyza divaricata Spreng. 

Conyza Schiedeana (Less.) Cronquist, comb. nov. FE. Schiedeanus Less. 
Linn. 5: 145. 1830. 

Conyza subspathulata Cronquist, nom. nov. E. spathulatus Vahl. in West, 
Bidrag Ste. Croix. 303. 1793. Not Conyza spathulata Hornem 
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SUPPLEMENTARY NOTES ON THE AMERICAN SPECIES OF 
ERY THRINA—II 


B. A. KRUKOFF 


Through the courtesy of the curators of the botanical institutions men- 
tioned below I was privileged recently to study their collections of Erythrina. 
Many of these collections are not represented by duplicates in American 
and European herbaria. Extensive collections of Erythrina by Drs. Paul C. 
Standley and Julian A. Stevermark recently made in connection with their 
work on the flora of Guatemala also became available to me. 

Dr. Karl Folkers, Mr. J. Shavel, Jr., and Mr. F. Koniuszy of the Merck 
Research Laboratory have continued their studies of the alkaloids derived 
from seeds of various species of Erythrina (1, 2,3) whereas Dr. E. 8S. Harrar 
of Duke University has recently undertaken a study of the wood anatomy 
of species of this genus. In connection with these studies a number of speci- 
mens have been received for identification. 

The collections examined extend our knowledge of certain species pre- 
viously known from incomplete material, and extensions of ranges are noted 
for a number of species. No changes in the nomenclature are necessitated. 

The species are arranged in the same order, and the place of deposit of 
specimens is shown by the same abbreviations as used in my previous papers 
on Erythrina (4,5). The following new abbreviations are used : 

Geor: Georgetown Botanic Garden, British Guiana. 

Trin: Trinidad Botanical Garden, Port of Spain. 

CR: Museo Nacional de Costa Rica, San Jose. 


Cuz: Universidad del Cuzeo, Peru. 


1. Eryturina GuAuca Willd. 

TRINIDAD: cultivated: Bot. Gard. Trin. 8353 (Trin). Costa Rica: Punta- 
renas: Brenes 3855 (CR). PANAMA: Canal Zone: White & White 62 (M). 
Panama: Allen 1628 (GH, M). Cotomsta: Valle del Cauca: Ramos Nunez 
s.n. (Kr. Herb. 15191). Huila: Plata Garcia 45 (Col). VeNEzuUELA: Cara- 
bobo: L. Williams 12336 (F). Apure: L. Williams 12961 (F, NY). Federal 
District: Tamayo 1284 (F, NY); Brother Elias 138 (A). Bolivar: L. Wil- 
liams 12560 (F, NY,A). Ecuapor: Guayas: Mille s.n. (Kr. Herb. 15350). 
Peru: Loreto: Fernandez s.n. (Kr. Herb. 15255). British Guiana: Deme- 
rara: Jenman 3946 (Geor). 

Local names: Porotillo (Eeuador) ; Pisamo (Colombia). 

The Brenes’ specimen is the first record of the species from the province 
of Puntarenas, the Williams’ specimen—from the State of Apure. The col- 
lector states on the label (Tamayo 1284): ‘‘Las flores son comidas por los 
pajaros llamados ‘arrendajos’. Habiendo leido no se si en la relacién del 
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vobernador Pimentel (15 : que los Indios del valle de Caracas comian la 
flor del bucare.’’ 


2. FERYTHRINA CRISTA-GALLI Ll. 

TRINIDAD: cultivated: Bot. Gard. Trin. 12729 (Trin). Costa Rica: San 
Jose: cultivated: J. Valerio 1398 (CR). ARGENTINA: Santini s.n. (Kr. Herb. 
/ Tucuman: Meyer s.n. (Kr. Herb. 15098 


3. KERYTHRINA FALCATA Benth. 


Peru: Cuzco: C. Vargas C. 2943 (Cuz). Brazit: Minas Geraes: Mello 
Barreto 1999 (F). ARGENTINA: Buenos Aires: cultivated: Thays s.n. (Kr. 
Herh. 15396). Salta: Me yer 35890, 


t. ERYTHRINA PoEPPIGIANA (Walp.) O. F. Cook. 

TRINIDAD: cultivated: Bot. Gard. Trin. 1332 (Trin), 7574 (Trin), 11947 
Trin), 178325 (Trin). Nicaragua: Managua: cultivated: Garnier s.n. Costa 
Rica: Cartago: cultivated: Jorge Leon 769 (CR). CotompBtia: Valle del 
Cauca: Ramos Nunez s-.n. Kr. Herb. 15192). Bovaea: Cuatrecasas 9676 
(US). Putumayo: Cuatrecasas 11372 (US). VENEzUELA: Carabobo: L. Wil- 
liams 12332 (in part, Kk’). Federal District : Tamayo 1285 (F), 1309 (NY, 
US 

The Cuatrecasas’ specimens are the first record of the species from 
Bovaca and Putumayo. 


6. EryTuHrRINA DomINGuezu Hassler. 

ARGENTINA: Jujuy: Fawcett s.n. (Kr. Herb. 15394). Chaco: A. Schulz 
sn. (Kr. Herb. 15126), s.n. (Kr. Herb. 15378). 

The Faweett specimen is the first record of the species from the province 
of Jujuy. 


7. ERYTHRINA VERNA Vell. 

BRAZIL: Maranhao: Froes 11909. Bahia: Froes 12664. 

This is the first record of the species from the States of Maranhao and 
Bahia. 


9. ERYTHRINA SPECIOSA Andr. 
BRAZIL: Rio de Janeiro: Tatto 23 (US). 


12. ERYTHRINA EDULIS Triana. 

CoLtomBiA: Antioquia: Robledo s.n. (Kr. Herb. 15158). Caldas: Ramos 
Nunez s.n. (Kr. Herb. 15190). Peru: Cajamarea: Stork & Horton 10150 
(FF). Huanuco: Stork & Horton 9851 (F). Apurimac: Stork & Horton 10705 
(F). 

Local names: Poroton (Ecuador) ; Pajurro (Peru). 
This is the first record of the species from the Department of Cajamarea. 


13. ERYTHRINA BREVIFLORA DC. 


Mexico: Michoacan: Martinez s.n. (Kr. Herb. 15346) ; Leavenworth 1914 
(M). Morelos: Martinez s.n. (Kr. Herb. 15379). 
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14. ERYTHRINA LEPTORHIZA DC. 
Mexico: Mexico: Hinton 15402. 


16. ERYTHRINA MONTANA Rose & Standl. 
Mexico: Sinaloa: Gentry 6259 (GH, NY) 
This is the first record of the species from the State of Sinaloa. 


18. ERYTHRINA PALLIDA Britton & Rose. 

TriniwaD: Bot. Gard. Trin. 2831 (Trin), 10557 (Trin), 10896 (Trin), 
11186 (Trin), 13324 (Trin), 13330 (Trin), 13332 (Trin); Britton 2656 
(type coll., Trin); Britton & Hazen 230 (Trin); Dean s.n. (Kr. Herb. 
15183). 


19. ERYTHRINA MITIS Jacq. 
VENEZUELA : Carabobo: L. Williams 12471 (US). 


23. ERYTHRINA AMAZONICA Krukoff. 
CoLomBIA: Putumayo: Cuatrecasas 10647 (US), 11212 (US). 
This is the first record of the species from Colombia. 


25a. ERYTHRINA CORALLODENDRUM var. BICOLOR Krukoff. 
St. Lucta: Ward s.n. (Kr. Herb. 15202). 


26. ERYTHRINA CUBENSIS C. Wrizht. 
CuBA: Pinar del Rio: Acuna s.n. (Kr. Herb. 15361 


27. ERYTHRINA HERBACEA L. 
U. Texas: Parks s.n. (Kr. Herb. 15257). s.n. (Kr. Herb. 15258), s.n. 
(Ki) Her ) ‘b. 15299), sn. (Kr. Herb. 15578). Florida: Wilmot s.n. (Kr. Herb. 
15790) : Killip 32874 (A). Mexico: Tamaulipas: Cottam 10564 (Herb. 
Univ. Utah). Oaxaca: Mexia 9302 (F, M). 


28. ERYTHRINA CORALLOIDES DC. 


Mexico: San Luiz Potosi: Edwards 682 (M). Hidalgo: Cottam 10491 
Herb. Univ. Utah 


29. ERYTHRINA FLABELLIFORMIS Kearney. 
Mexico: Sonora: Wiggins 7354 (A); 8. White 3126 (GH). 


30. ERYTHRINA LANATA Rose. 
Mexico: Michoacan: Leavenworth & Hoogstraal 1399 (M). 


32. ERyYTHRINA BERTEROANA Urban. 

GUATEMALA : Quezaltenango: Steyermark 33665 (F). Retalhuleu: Stand- 
ley 87847 (F), 87872 (F), 87883 (F), 88413 (F), 88562 (F), 88704 (F) 
Suchitepequez: Rosengarten s.n. (Kr. Herb. 15141). Chiquimula: Steye r- 
mark 30932 (F). Santa Rosa: Standley 78328 (F). Jutiapa: Standley 75731 
(F), 75799 (F); Steyermark 30382 (F.) Costa Rica: Guanacaste: f sive 
Leon 961 (CR); Brenes 12621 (C R), 15507 (CR). Puntarenas: os nes 
22801 (CR). Alajuela: Brenes 15042 (CR), 17002 (CR); Krukoff 3a. San 
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Jose: Shute) 1024 (M PANAMA. Panama - Allen 1631 KF). Chiriqui: 
Day idsan 7 ie) A 

This is “pparently the first record of this FOmMon and y idespread Species 
from the Departments of Suchitepequez. Chiquimula and Jutiapa. 


») 


32a. Ery THRINA GUATEM ALENSIS Krukoff 
GUATEMALA - Suchitepequez- Rosengarten ‘N. (Kr. Her), 15124), 
The species has been hitherto known only from Baja and Alta Verapaz. 


on 


od. Epy THRINA AMER ANA Mill]. 

U.8. Alabama. cultivated - ? Parks YN. (Kr. Her) 15,298). Texas - culti- 
vated: 2? Par} ‘iM. (Kr, Her) 15.300). 9 ‘.N. (Kr. Her) 15301), Sn. (Kr. 
IT } h. ls 109 Mexi OQ: Morelos. A) ukoff la Oaxaca . Martin, 2 Calderay of. 


34 ERYTHRINA STANDLEY ANA Krukoff 
("| BA Pinar de] Rio - Acuna Si, Kr. Herb. 1540 , 


37. ERYTHRINA RUBRINERVIA H. B. K. 
COLOMR] A: Caldas: Ramas Nune: ‘.N. (hr, Hy rh. 15193 : Cundinamarea - 
Ouintery Sy. Kr. Herb. 152.34 
Loca] hames : Choecho Colorado Colombia 


38. Ery THRINA MEX), ‘NA Krukoff. 

MEXx1Ico Oaxaca: ¥Y, Mit 9234 (FB). GUATEMALA - San Marcos : Gj, sCniann 
SN. (Kr. Her) 13129), sn (Kr Herb. 15 105). Quezaltenanes. Steycrmark 
ITOH (KB) p90 ~! (EF). Ne ARAGUA : Granada - Grant 870. 

This is the first record of the species from Nicaragua The Guatemalan 
specimens were collected at altitudes of 1300 1500 meters. [Dp Stevermark 
States on the labels of his specimens - ** Leaves Silvery beneath. Olive oreey 
above. corolla brieht red, caly X dull red.’’ 


39. Ery THRINA LAN, FOLATA Stand]. 

Costa Ri A: Alajuela - Bre NES S892 (CR). 11576 (CR). T3200 (CR). 
1320] (CR), L346] (CR), 15006 (CR), 78938 (CR). Y1842 (CR), 27989 
(CR), Cartago- Lanke ster son. Kr. Herb. 15377 


Hl. Eryvry NA GIBBOSA Cufod 

Costa Rr A: Alajuela. Krukof “4; Brenes 40 4 (CR), £773 (CR), i866 
(CR), 3755 (CR), 9364 (CR), 13209 (CR), 20625 | EF’), Cartago - Krukoff 
rd. PAn AMA: Bocas de] Toro: Woodson et al. 1930 ( A / > won Wedel TS | M - 
1196 | M , Chirigui: Woodson et al. 91.3 | A g Coecle. Alli n7TI0 A 

Local Names: Poro de montana (Costa Riea), 

On my recent trip to Costa Rica ] became acquainted with the species in 
the field. It jx @ very spiny smal] tree, Usually 2095 ft. high and js common 
alone Streams on elevations above 1000 meters, at least in the region of Tur- 
rialba (Cartago) and in the region of Buena Vista (Alajuela). At the time 
of my visit to Costa Rica (August) the majority Of trees were in flower and 
a few had immature fruits. Seeds are uniformly sg arlet. The Species has been 
hitherto known in Costa Rica Only from the Provinces of Alajuela, San Jose 
and Limon, 
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42. ERYTHRINA PANAMENSIS Stand. 


PANAMA: Bocas del Toro: von Wedel 1766 (M). Canal Zone: Marjorie 
Brown 16 (F). Darien: Terry 1413 (A, F, M). 


43. ERYTHRINA COSTARICENSIS M. Micheli. 

Costa Rica: Guanacaste: Brenes 15636 (CR). Alajuela: Krukoff 4a. 
Cartago: Jorge Leon 558 (CR), 768 (CR) ; Krukoff 6a, 7a, 8a. 

This large forest tree, often up to 80 ft. high, is common alone streams 
on elevations below 1000 meters at least in the region of Buena Vista ( Ala- 


juela 


$5. ERYTHRINA MACROPHYLLA DC. 

GUATEMALA : Quezaltenango: Standley 87066 (F 

Standley notes on the label : ‘‘ Rocky open hillside ; alt. 1200-1400 meters ; 
small tree, common; flowers bright red.’’ 


50. ERYTHRINA VELUTINA Willd. 
TRINIDAD: cultivated: Bot. Gard. Trin. 10042 (Trin). VENEZUELA: Cara- 
bobo: L. Williams 12332 (in part, I). 
Tue New York BoranicaL GARDEN 
New York 
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THE NORTH AMERICAN VARIATIONS OF 
DISTICHLIS SPICATA 


ALAN A. BEETLE 


The genus Distichlis of the Gramineae (tribe Festuceae) presents an un- 
usual problem among the grass genera of North America because of its 
dioeciousness. The members are primarily grasses of alkaline situations, 
hence the common name ‘‘salt grass.’’ This author recognizes three species 
in North America, Distichlis spieata (li.) Greene (a complex consisting of 
several well marked geographical varieties), D. terana (Vasey) Seribn., and 
D. palmeri (Vasey) Fassett. These last two are so easily distinguished by 
their large size and long spikelets as to need no further discussion here. Out- 
side of North America the genus is represented by D. distichophylla (Labill. ) 
Fassett in the south Australian area, in South America by Distichlis spicata 
where again it seems to be broken up into well-defined geographical varieties, 
and by D. scoparia (Kunth) Arech 

Rafinesque (1819) first proposed Disticilis, separating it from Uniola 
and Festuca and including D. maritima (D. spicata and D. nodosa (also 
D. spicata). For nearly a century most botanists were content to call all the 
North American material of this complex one species, whether found on the 
Atlantic coast, on the Pacific coast, or inland in the dry basins of the West. 
That the species Uniola stricta of Torrey (1824) was but a variety of D. 
spicata was reasoned many times over a long period by Gray (1871 as 
Brizopyrum), Thurber (1880), and Scribner (1894). Recently there has 
been a tendency to find specifie differences between D. stricta and D. spicata; 
see Rvdberg (1909), Fassett (1925) and Hitchcock (1935). Most of these 
studies were carried on with reference to a limited amount of California 
material. It was the additional evidence from this polymorphic group which 
made the present study seem worth while. 

Fassett (1925) has built up the best case for the maintenance of Disti- 
chlis stricta (Torr.) Rydb. as a species. In his treatment he confines D. 
spicata to the east coast of North America and the Puget Sound region while 
the rest of the North American material, whether inland or on the California 


coast, is called D. stricta. His separation is as follows: 


D. spicata D. stricta 
compact panicles more open panicles 
10-20 spikelets 16-24 spikelets 
spikelets slightly firmer than the stami 2 spikelets firm and coriaceous, the stami 
nate nate papery 
spikelets 1—9-. rare ly 12-flowered spikele ts 6- to 18-flowered 
lemmas 4.5-7.8 mm. long (except in a few lemmas 3.2-5 mm. in length 
plants 
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D. spicata D. stricta 


» 


grain 2 mm. long, ovoid, and not much grain 2.5-—5 mm. long, narrowed to an at 


narrowed below the two beak-like styles tenuate style, which is sometimes split, 
but hardly into two distinct styles 
leaves smooth-edged and blunt or oblique leaves sharp-pointed and serrate at the tip 
at the tip 


That Distichlis dentata Rydb., ‘‘described as differing from D. spicata 
and D. stricta in having broader leaves, spikelets, glumes and paleas and 
dentate keels on the paleas,’’ differs ‘‘only in degree’’ was concluded by 
Fassett, and has recently been corroborated by Reeder (1943). This conelu- 
sion is again reached here but it is further maintained that the differences 
between D. spicata and D. stricta are not sufficiently constant to treat the 
entities as more than geographical varieties. 

There are no more compact spikes (either staminate of pistillate) than 
those found in the material from coastal California; on this character as well 
as leaf serration and tip, and achene measurement the material should fall 
with D. spicata, but, as pointed out by Fassett (1925), the characters of the 
palea and lemma are closer to those of D. stricta. The number of spikelets in 
material from California has been found to vary from 3 to 60 in pistillate 
plants and from 3 to 20 in staminate plants. The great variation in texture 
of both the palea and the lemma, usually correlated with the width of the 
base of the lemma, is recognized, but no pattern of discontinuity has been 
discovered. In general the plants which Hitchcock has maintained represent 
D. stricta as opposed to D. dentata have narrow spikelets with less firm 
lemmas and paleas and lack the conspicuously dentate palea wings. There 
is certainly no dividing line. Some specimens from California are no differ- 
ent in texture from those of the Atlantie coast. The number of florets in a 
spikelet in California material has been counted from 3 to 14 in pistillate 
plants and from 3 to 20 in staminate plants. The variation in both shape and 
size measurements of the grains is very confusing. Some of the seeds have 
a slender attenuate tip while others have an abruptly truncate tip, and 
every length between 1.5 and 3.5 mm. has been found in apparently fully 
mature material from western North America. As a result of the foregoing 
it is concluded that D. stricta is not specifically distinct from D. spicata. 

In reaching this decision it is not sufficient to study only the North 
American material. There are thirteen independent names (D. ammobia, 
araucana, hirta, humilis, lariflora, marginata, mendocina, misera, prostrata, 
tenuifolia, thalassica, viridis, volckmanni) for South American material, 
which, in light of the heavy conspecificity between the two continents, have 
a definite bearing on the problem. That other botanists who have dealt with 
this South American material consider D. spicata a single polymorphic 
species composed of many geographical varieties is indicated by the combi- 


nations D. spicata var. humilis (Phil.) O. Kuntze, var. marginata (Phil.) O. 
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Kuntze. Var. thalassieg H. B. kK Ktze.. and dD. 
Hack Although these Varieties 


as the North American 


pubescence. 


spicata var. mendocing 
are considerec| to belone to the 
Varieties, thev have 
and as Yet it has not 
OF the varieties oceur 


Salne species 
marked differences. e.g, 
been determined 
on both sides of the 


culm 
with certainty that any 
equator 


Actually it is yoy enough merely to decide 


faxonomically that all the 
Often names for the 
very important. Distichlis 
rostrate habit. 
stolons) which jx adapted to alkaline 
alkaline 


Strains of a complex comprise 


a elven species. 
Ih} subspecific Cate 


entities 
is one of the few 
spreading by rhizomes 


SOrles are 
Perennial grasses of | or rarely by 
soils. In the west Where large areas are 
covers Tor air fields and Playgrounds are 


important but difficult to 
establish Althoueh Distich]is 


will probably never be highly 


recommended 
sole of the strains are 


for forage it seems that much more palatable if not 


more nutritious than Others. An analysis of the Various California types 
seems therefore wel] Justified from a utilitari 


an standpoint. 
Observations In the field tend 


to indicate that male and 
frequeney throughout the 
the other is Present in a limited area because of 
Propagation. Althoueh pollen is freely produced and 
abundantly, mature seed 


female plants 


oceur with approximate Whole range, although 


often only one or Vegetative 
pistillate plants flower 


IS seldom set probably because of a 


the separa 
(ion into male and female colonies, (b) the extreme xerophytie 


‘ten does not allow sufficient time f 
Of 332 North American collections of the Distich is 
able for study, which may be taken 
were pistillate only, Bo 


hature of 
the habitat Which of 


or full development. 
spicata complex avai] 
to COmMprise a 


had both Pistillate and 
were staminate only. As noted by 


dominance of 


random sampling, 143 
Staminate plants. and 167 
Reeder (1943 there Is 


Staminate plants in the D. strieta 
Only vegetative 


a noticeable pre- 
eroup. Where plants are 
ho Wa\ has been discovered 
male or female, but it is usually 
belong on 


to determine Whether they 


are 
Possible to determine 


to what variety they 
vegetative characters. Even the Staminate and 


pistillate spikes, 
as mentioned by Hitchcock 1935 


» are very similar. usually differine to a 

marked degree only in the palea 
Stebbins and Love 194] reported 2n = 40 for Distichlis. the only 
chromosome number reported for California material. Holm (1891) was 


able to recognize as distinet North 
evidence. the followine : dD. 


Stricta Nebraska , Be. 


American entities, based on anatomical 
maritima (Atlantic coast), D. 
maritima var. lara Utah), 
Lower California), D. prostrata (Mexico) 


praise the significance of the rather 


maritima var. 
dD. thalassica H. & Kk. 


This author is unable to ap- 
incomplete data. 
California material of Distieh]jc ofte 


n displays inseet galls caused by the 
fly : Chlorops 


Jranminea Coq. 






























as 


ods BEETLE: DISTICHLIS 641 


Since much of the confusion in determining plants in the past has been 
over staminate and pistillate plants it was decided here to treat each 
separately. The plants were first separated arbitrarily into males and fe- 
males and then separated into units on the basis of the female plants only. 
It was then considered significant that the male plants from the same region 
had the same vegetative characters. 

In the preparation of this paper material from the following herbaria 
has been examined: Agronomy Division Grass Herbarium (AG), College 
of Agriculture, Univ. of California, Davis; Botany Department, Univer- 
sity of California (UC), Berkeley ; Dudley Herbarium (D), Stanford Un1- 
versity; California Academy of Sciences. In the interest of brevity the 


source of the specimens except types will not be further specified. 


DISTICHLIS RAFINESQUE 


Dioecious perennials; culms wiry, upright from strong, creeping, or 
deeply-running rhizomes ; ligule short and evenly serrate ; leaf-blades notice- 
ably, often stiffly 2-ranked, flat or somewhat involute; staminate spike ex- 
ceeding the blades, the blades usually equalling or exceeding the pistillate ; 
spikelets in open or dense spikes, few to many flowered; glumes unequal, 
broad, 3-7 nerved; lemmas closely to loosely inbricate, 9-11 nerved, cori- 
aceous; Ppalea usually a little shorter than the lemma, two keeled, serrate 
on the keels, often with a few long hairs on the back, the nerves sometimes 
excurrent; carvopsis brown; stamens 3. 


Plants pistillate 
Spikes congested, the short pedicels hidden, of uniformly 5-9 ftlowered 


spikelets 


Spikes narrow, culms strictly erect, never stoloniferous, often 3—6 
dm. long 
Outer glume 3 mm. long, second glume 4 mm, long; lemma ¢a. 
6-10 nerved .. me spicata 


Outer glume 2.5 mm. long, second glume 3 mm. long; lemma ¢a, 
12-14 nerved 2. D. spicata var. borealis 
Spikes oval, culms usually prostrate, often stoloniferous, up to 3 dm. 
long 3. D. spicata var. stolonifera 
Spikes of approximate but rarely congested spikelets, the pedicels read 
ily visible, the number of florets very variable (3-14 
Leaves divaricate, culms and leaves rigid t. D. spicata var. divaricata 
Leaves mostly ascending, culms and leaves lax 
Blades long (1-2 dm.), equally spaced on the culm, often equal 
ing ol exceeding the spikes ; spikelets {—6 mm. broad 
5. D. spicata var stricta 
Blades short, seldom 1 dm. long, usually crowded at the base, 
and exceeded by the spikes, spikelets 2-4 mm. broad 
Palea broadly winged at base, usually hairy on the back 
6. D. spicata var. nana 
Palea narrowly winged at base, glabrous on the back 
7. D. spicata var. mexicana 
Plants staminate (a rudimentary pistil often present 
Spikes congested, of uniformly 5—9-flowered spikelets, the blades usu 


ally equalling the spike 
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Fies. 1-5. Sample pistillate lemmas and paleas of the Distichlis spicata complex. 
Fig. 1. D. spicata var. borealis, drawn from Vancouver Island material. Fie. 2. D. 
spicata var. stricta, drawn from Sandberg g§ Leiberg 468, the co-type of D. dentata. 
Fig. 3. D. spicata var. nana, drawn from the type. Fie. 4. D. spicata var. stolonifera, 
drawn from the type. Fie. 5. D. spicata var. mexicana, drawn from the type. 
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Culms strictly erect, spikelets pale green or slightly purplish 
Florets mostly 5-6 per spikelet; leaves 1-2.5 em. apart on culm 
usually 1. D. spicata 
Florets mostly 7-10 per spikelet; leaves 1.5—6 em. apart on culm 
2. D. spicata var. borealis 
Culms somewhat prostrate, often stoloniferous; spikelets strongly 
purplish 3. D. spicata var. stolonifera 
Spikes approximate but rarely congested; the blades not usually equal- 
ling the spike 


Leaves divaricate, culms and leaves rigid 4. D. spicata var. divaricata 
Leaves mostly ascending, culms and leaves lax 
Blades long (1—2 dm.) ; spikelets 4-6 mm. broad 5. D. spicata. var. stricta 


Blades short, seldom up to 1 dm. long; spikelets 3-4 mm. broad 


First glume 2 mm. long, second glume 3 mm. long; anthers 2 


mm. long 6. D. spicata var. nana 
First glume 3 mm. long, second glume 4 mm. long; anthers 3 


mm. long 7. D. spicata var. mexicana 


1. DISTICHLIS SPICATA (L.) Greene. 


Culms 1—6 dm. tall, slender, erect ; blades erect up to 1.5 dm. long, 1—2.5 
cm. apart on the culm; equaling or exceeding the pistillate spikes and rarely 
exceeded by the staminate spikes; pistillate spikes pale green, 1-6 em. long, 
of 8-36 congested spikelets, these spikelets 5-9 flowered, up to but not ex- 
ceeding 1 cm. long, 4 mm. broad, the first glume 3 mm., second glume 4 mm. 
long, the lemmas 6-10 nerved, 3.5-4 mm. long, closely imbricate, the palea 
2-keeled, the keels minutely, evenly serrate, the 4 nerves often excurrent ; 
caryopsis ca. 2 mm. long, somewhat truncate at the tip. 

Staminate spike pale green, 1-6 em. long, of 6—30 congested spikelets ; 
the spikelets 7-10 flowered, ca. 1 em. long, 4 mm. broad, the first glume up 
to 3 mm. long, the second glume up to 4 mm. long, the lemmas 6-10 nerved, 
3 mm. long, the palea 2 keeled but otherwise nerveless, ca. 3 mm. long; 
anthers ca. 2-3 mm. long. 

Type locality: Atlantic Coast of North America. 

Range: Coastal salt marshes, Prince Edward Island to Florida; West 
Indies ; Louisiana; Texas. 

Since any of the collections made in this range may be considered repre- 
sentative of typical Distichlis spicata (li.) Greene, no specimens will be 
cited. 

2. D. spicata var. borealis (Presl) Beetle, comb. nev. 

Brizopyrum boreale Presl, Rel. Haenk. 1: 280. 1830. 

Culms 2—4 dm. tall, erect; blades erect, exceeding the pistillate spikes 
and rarely exceeded by the staminate ; pistillate spikes pale green or slightly 
purplish, 2-6 em. long, of 10-60 congested spikelets; the spikelets ca. 1 em. 


is long, 4 mm. broad, 5—9 flowered, the florets closely imbricate, the first glume 

D. 2.5mm. long, second glume 3 mm. long, the lemmas 12—14 nerved, 4.5 mm. 
ita. long; the palea 3.5 mm. long, evenly serrate on the keels, nerveless, the 
ra, caryopsis ca. 2 mm. long, somewhat truneate at the tip. (Figs. 1, 8.) 


Staminate spikes pale green or slightly purplish, 2.5—5 em. long, of 6—30 
congested spikelets, the spikelets up to ea. 1 em. long, 4 mm. broad, 5—0 
flowered, the florets closely imbricate, the first glume ca. 3 mm. long, second 
glume 3.5 mm. long, the lemmas 4.5 mm. long, 8-12 nerved, usually not 
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scabrous on the back, the Palea 35-4 mm. long, serrate on the keels. herve. 
less ; anthers ca. 5 mm. lone 


Ly pe locality - Nootka Sound. Vancouver Island, Ha; Nhe. 


’ 


hy Mhhitle British Columbia. ( rescent Beach. Easthay PI ZU), Cadboro Bay, Pineo in 
SO4 Washington. Clallam ¢ 0., Elmer 166; , San Juan Co., Roush in 1919. Twin Island, 
Berg » King Co., Tho ‘SON 39232, Male: British Columbia. Sooke Harbor, Pineo in 
IS98. Wag] ington, \W hateom ¢ O., Kitsap Co., Otis r¢ 


Distichlis "teala var. borealis is in many respects intermediate bet ween 
the typical material on the east coast of North America and D. spicata var, 
stolonifera, The Puvet Sound material has the tall erect habit of typical D. 
‘PICATA as wel] as the harrow spikes but in the Purplish color of the Spikes 
and many of the technical measurements Suggests the var. stolonifera. 


3. D. spr ATA Var Stolonifera Beetle. Var. noy. 


Culms Up to 3 dm. tall. often Prostrate, with a Strone tendency to pro- 
duce Stolons ; blades erect, mostly 1_9 dm. lone, the upper exceedine the 
Pistillate spike and usually equalling the Staminate . Pistillate spike green 
or often strong] Purplish, oval. Club-shaped. 15 2 em. lone. often 2 em. 
thick, Of 8-35 COngested spikelets. the spikelets ~9 flowered. closely imbri- 
cate, ca. 1 em. long or rarely longer, 4 mm. broad, the outer glumes 25 mm, 
lone. Second glume 3.5 mm. lone, the lemmas 5 mm. lone. faintly nerved, the 
Palea 2 keeled, broad] winged below. With very hvaline margins, serrate on 
the keels above but smooth at the base, Caryvopsis ca, 2 mm. lone. broadest at 
the base. Slightly (runcate at the tip. (Figs, 4, 12.) 

Staminate spikes green or often str. nely Purplish, 1.55.5 cm. long, of 
6-20 “ongested spikelets often interrupted below, the spikelets 7-11) flowered, 
ca. lem, long. #mm. broad. the first glume ea, 3 mm. lone, the second glume 
ca. 3.5 mm. long, the lemmas 35 mm. lone. faintly herved and Weakly 
scabrous, the Palea subequal with or slightly longer than the lemma. the 
keels minutely, evenly serrate above, the margins hvaline. nerveless, anthers 
2.9 mm. lone (Fig, 7.) 

Culmi sdepe prostratae. saepe Stoloniferae - spicae feminae viride aut 
saepe forte Purpurascentes. OVatae, cum 8-35 congestae Spiculae : spiculae 
cum 3-9 florae. SpPicae Masculinae viridae aut saepe forte Purpurascentes. 
cum 6-20 congestac spiculae : lemmae cirea 3.5 mm. longae - Paleae sub- 
aequalae. bicarinatae. 

Type locality: near Ferndale. Humboldt Co.. California (pistillate). 
July 30. 1899. J. RB Davy & W. (. Blasdal, 6202 (UC). Co-type: Areata, 
Humboldt Co., California (Staminate). June 17. 1899. J. Rp Davy & W. C. 
Blasdal; S604 (UC). 


Female: California. Humboldt Co., Eureka, Yates 2999 > Marin Co., Point Reyes, 


Davy 67.26 ; Contra Costa Co., Point Richmond, Beeth 1752: Alameda Co., West Berke 
] 


ley, Davy 856 > hear San Francisco, Bolander 152?» San Mateo Co., Beet), [S88 Santa 


Cruz Co., Santa Cruz, Thompson in 1903; Monterey Co., Monterey, Elmer 4042: Orange 
Co., s. of Laguna Beach, Beeth 9099 ; San Diego Co., Coronado, Chandler O164. 
Male: Oregon, Netarts. Thompson 3150, California, California, Humboldt Co., 


Eureka. Stebbins SY Chureh J104 Mendocino Co., Fort Bragg, Davy S Blasdai, 67 


Marin Co., Davy 4039» Contra Costa Co., Wies, ndanger 1534; Alameda Co.. 


Hayward, 
Vicon in 1975 ; San Francisco, Boland; Yr 1527 Santa Clara Co., near Alviso, Dudli y in 
1903: Monterey Co., De] Monte. Elme; 4042: Santa Barbara Co., Sant: 


i Barbara, Elmer 


al 


Co 
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wos At 


igeles Co., Pebble Beach, Fosberg S4475; Orange Co., s. of Laguna Beach, 


The most characteristic and strongly stoloniferous material of this variety 
is found at certain points along the coast, namely at Humboldt Bay, San 
Francisco Bay, Monterey Bay and Orange County. Material from other 
points along the coast is less stoloniferous but agrees in technical points. 
In the coast hills and inland marshes there is a considerable amount of inter- 
eradation, although most of this material is nearer to var. stricta. 


t. PD. sprcatra var. stricta (Gray) Beetle, comb. nov. 
Brizopy spicatum var, strictum A, Gray; S. Wats., in King, Geol. Expl. 40th 

Par. 5: 385. 1871. (Based on Uniola stricta Torr. 

Culms 1—3.5 dm. tall, erect or rarely decumbent, the blades up to 2 dm. 
long, the upper equalling or exceeding the pistillate spikes but exceeded by 
the staminate; pistillate spike green drying straw brown, 2-7 em. long; of 
5-40 approximate spikelets, the spikelets 0.5-2 em. long, 5—20-flowered, 4-7 
mm. broad, the mature florets often strongly reflexed, usually not closely 
imbricate, the first glume 2-3 mm, loug, the second 3-4 mm. long, the lemma 
3.5-6 mm. long, firm, with a broad hyaline margin, the palea 3—5 mm. long, 
the keels conspicuously serrate to the base, often dentate, narrow or winged 
at the base, occasionally with a few long hairs on the back, the caryopsis 2—5 
mm, long, sometimes slenderly tapered to a single beak, sometimes truncate 
with a double beak. (Figs. 2, 11, 13.) 

Staminate spike green or rarely purplish, drying straw brown, 2—5 em. 
long, of 5-25 approximate spikelets, the spikelets 0.5-2 em. long, 5—20- 
flowered, 4-7 mm. broad, closely imbricate, the first glume 2-3 mm. long, the 
second 3-4 mm. long, the lemmas 5—6 mm. long, firm, equaled by the palea, 
the palea 5—6 mm. long, the keels conspicuously serrate to the base, infre- 
quently dentate, rarely broadly winged, usually with at least one prominent 
marginal vein, the anthers 3-4 mm. long. (Fig. 6. 

Type locality: Canadian River, Oklahoma. 

Range: Alkaline situations; Saskatchewan south through N. D., 8S. D., 
KKansas, Nebraska, Oklahoma, and Texas and west to the Pacifie Coast. 

D. spicata var. stricta has the widest range of any of the varieties. In 
various parts of its range it approaches in certain characters all the other 
varieties and even the typical material from the eastern seaboard. The 
amazing variations in the caryopsis suggests the following hypothesis. 
Distichlis might be called an evergreen grass. It needs only sufficient warmth 
and moisture to start new growth. Yet its xerophytie habitat seldom gives 
it a prolonged period of growth for most of the time it is either too cold or 
too dry. Some achenes are produced in the cold wet winters and some in the 
hot, dry summers and lany are caught in a partially mature condition when 
erowth ceases. It is very possible that here is a case in which some of the 
reproductive structures are of less importance than the vegetative. 

In California the range of the species is disrupted by the Sierra Nevada 
and Tehachapi Mountains. 


Modoe County, Manning 423, Siskiyou Co., Butler 1844; Lassen Co., Beetle 2807; 
Glenn Co., Davy in 1898; Sierra Co., Lemmon in 1874; Colusa Co., Beetle 3270: Yolo 
Co., Raynor in 1939; Alameda Co., Yates 5503; Mono Co., Rose 35416; Merced Co. 
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Figs. 6-8. Staminate paleas. Fic. 6. D. spicata 
Barbara Co., Calif., material. Fie. 7. D. spicata var. stolonifera, drawn from Alameda 
Co., Calif., material. Figs. 9-13. Sample grains of the D. spicata complex. Fie. 9. D. 
spicata var. nana, drawn from Merced Co., Calif., material. Fie. 10. D. spicata var. 
Fic. 11. D. spicata var. stricta, 


var. stricta, drawn from Santa 


divaricata, drawn from Imperial Co., Calif., material. 
the ¢o type of D. dentata. Fic. 12. D. spicata 


Fig. 13. D. spicata var. 


drawn from Sandberg § Leiberg 468, 
var. stolonifera, drawn from San Mateo Co., Calif., material. 
stricta, drawn from Nebraska material. 
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Howell 2046: Kings Co., Beetle 2981; Tulare Co., Palmer 2754; Invo Co., Bee tle 8669: 
Kern Co., Davy 1842; San Luis Obispo Co., Johannsen 1190; Ventura Co., Simontacchi 
> San Bernardino Co., Beetle 3204; Orange Co., Wolf 3785; Riverside Co., Koethen 


in 1897; San Diego Co., Chandler 5227. 


5. D. spicata (L.) Greene var. nana Beetle, var. nov. 

Culms erect, very slender, 1-4 dm. tall, the blades up to 6 dm. long, 
rarely longer, exceeded by both the staminate and pistillate spikes, often 
crowded at the base, the pistillate spikes green or purplish, drying brown, 
1-4 em. long, of 3-12 approximate spikelets, the spikelets 0.5-2 em. long, 
3—18-flowered, 3-4 mm. broad, closely imbricate, the first glume ca. 3 mm. 
long, the second glume 3.5 mm. long, the lemmas ¢a. 3.5 mm, long, very broad 
at the base, 9-nerved, the palea subequal, very strongly ciliate on the keels, 
abruptly winged below, with a single prominent marginal nerve, the caryop- 
sis ca. 2 mm. long, abruptly truneate at the apex, the apex often bent. (Figs. 
3. 9.) 

Staminate spike green or purplish, drying brown, 1-4 em. long, of 3—12 
approximate spikelets, the spikelets 0.5—-2 em. long, 3—16-flowered, 3-4 mm. 
broad, closely imbricate, the glumes ca, 3 mm. long, the lemma ea. 3.5 mm. 
long, broad at the base, 9-nerved, the palea subequal, evenly ciliate on the 
narrow keels, anthers ca. 2 mm. long. 

Culmi erectae, summe graciles, 14 dm. alti, laminae generalis usque ad 
6 dm. longae, saepe basi confluenti, spicae feminae viride aut purpurascentes, 
cum 3-12 propinquae spiculae; spiculae propinquemente imbricatae, cum 
3-18 florae, lemmae cirea 3.5 mm. longae; paleae subaequalae, bicarinatae. 
Spicae masculinae viridae aut purpurascentes, cum 3-12 propinquae spicu- 
lae, spiculae cum 3-16 florae. 

Type locality: California, Tulare County, Whitaker Forest, June 28, 
1928, P. B. Kennedy (AG). Co-type: California, Kern County, near Bakers- 
field, 1896, J. B. Davy 1841 (UC). 


Female: California, Tehama Co., w. of Red Bluff, Beetle 3285; Kern Co., MeKit- 
trick, Yates 6511; Tulare Co., Whitaker Forest, Kennedy in 1928; Santa Barbara Co., 
w. of Cuyama Ranch, Beetle 3031; Merced Co., e. of San Joaquin R., Stebbins 2798; 
Stanislaus Co., w. of Modesto, Beetle 2944; Monterey Co., s.w. of Bradley, Grahm 376; 
San Diego Co., Escondido, Meyer 454; Lassen Co., Amedee, Davy in 1897. 

Male: California, Stanislaus Co., Sharsmith 3777; Kings Co., s. of Armona, Beetle 

> Kern Co., near Delano, Davy 2446; Tulare Co., Visalia, Dudley in 1900; Alameda 

. n.w. of Halfway House, G. L. Stebbins 2736; Fresno Co., Huron, Eastwood in 1893. 


This variety is often reported collected on soils which seem to be hardly 
if at all alkaline. It has the finest leaves and would seem to be the most 


palatable for stock. 


6. D. spicata (L.) Greene var. divaricata Beetle, var. nov. 


Culms 1+ dm. tall, very stiffly erect, the blades rarely exceeding 5 em. 
in length, rigid, divaricate, exceeded by both the staminate and pistillate 
spikes, the pistillate spike green or purplish quickly turning brown, 2—6 em. 
long of 6-20 approximate spikelets, the spikelets 0.5-1.5 em. long, 5—12- 
flowered, 3—6 mm. broad, the first glume 3 mm. long, the second glume 3—3.5 
mm. long, the lemma ca. 4 mm. long, broad below, without prominent nerves, 
the palea ca. 3.5 mm. long, often dentate, conspicuously serrate on the keels, 
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usually without prominent nerves, the caryopsis 2-3 mm. long, plump, 
usually somewhat tapered to a single apex. (Fig. 10 

The staminate spike green or purplish quickly turning brown, 2-6 em. 
long, of 6-15 approximate spikelets, the spikelets 0.5—1.5 em. long, 5—12- 
flowered, 3—6 mm. broad, the first glume ca. 3 mm. lone, the second elume 
nearly subequal, the lemmas ca. 4 mm. long, broad below, without prominent 
nerves, the palea subequal, very narrow, nerveless, the anthers 2—-2.5 mm. 
long 

Culmi 1-4 dm. alti, summe erecti rigide, laminae generalis usque ad 5 em, 
longae, rigidae, divaricatae ; spicae feminae viride aut purpurascentes, cum 
6-20 propinquae spiculae, spiculae cum 5-12 florae, lemmae sinae promi- 
nentae nervae; paleae saepe dentatae; gramen pinquis. Spicae masculinae 
viridae aut purpurascentes, cum 6-15 propinquae spiculae, spiculae cum 
o—12 florae, sine prominentae nervae; paleae subaequalae, summe angustae, 
sine nervae 

Type locality: California, Riverside Co., Salton, J. B. Davy in 1902 (UC 
Co-type, California, Imperial Co., Salton Sink, March 17, 1917, FE. A. Me- 
Gregor 779 (Dudl 


Female: California, Kern Co., near Rosamond, Davy 2944: Mexico, western Sonora, 
L898, W. W. Price; Sonora, Wiggins S587. Baja Calif... Wiggins & Gille spit / 


? 


Mak California, Mojave, M. EF. Jones in 1917, Death Valley, Grinnell in 1917. 
Mexico, Baja Calif., n. of Ensenada, Wiggins & Gill spie 392 


7. Disticnuuis spicata (L.) Greene var. mexicana Beetle, var. nov. 

Culms 1—3 dm. tall, erect, rather slender; blades erect, up to 1 dm. long, 
the upper about equalling the pistillate spikes and exceeded by the stami- 
nate, the pistillate spike green, 3—5 cm. long, of 6-16 approximate spikelets, 
the spikelets 0.5—-1.5 em. long, 3-4 mm. broad, the upper often curved, of 
3-12 florets, the first glume ca. 3 mm. long, the second 3.5 mm. long, the 
lemma prominently 9-nerved, very broad below with a hyaline margin, €a. 
® mm. long, the palea subequal, serrate on the often dentate keel, with a 
single prominent marginal vein, the caryopsis plump at the base, gradually 
tapered to the apex. (Fig. 5. 

Staminate spike green or purplish, 1.5-8 em. long, of 6-15 approximate 
spikelets, the spikelets 0.5-1.5 em. long, 3-4 mm. broad, the upper often 
curved, of 3-12 florets, the first glume ca. 2 mm. long, the second 3-3.5 mm. 
long, the lemmas prominently 9-nerved, broad below, with a hyaline margin, 
the palea subequal, serrate on the keels, narrow above and slightly broadened 
below, the anthers 3-4 mm. long. 

Culmi 1-3 dm. alti, erecti, aliquanti graciles; laminae erectae, usque ad 
1 dm. longae ; spicae feminae cum 6-16 propinquae spiculae, spiculae superi- 
oribus saepe flexi, cum 3-12 florae, lemmae et paleae subaequalae. Spicae 
masculinae, viridae aut purpurascentes, longue, cum 6—15 propinque spicu- 
lae, spiculae superioribus saepe flexi, cum 3—12 florae. 

Type locality: Mexico, city of Durango, 1896, E. Palmer 388 (UC) 
(pistillate). Co-type: Mexico, city of Durango, E. Palmer 182 (UC) (stami- 
nate). 

Mexico, Valley of Mexico, 1897, C. G. Pringle 6640. 


np, 


cm. 
12- 
ime 
lent 
nin. 


(ill, 
‘Um 
mn 
hae 
‘umn 
tae, 


C). 
Ve- 


ora, 


917. 


19433 | BEETLE: DISTICHLIS 649 


SpeciIFIC NAMES APPLIED TO DISTICHLIS 


Distichlis, Rafin. in Jour. Phys, 89: 104. 1819. 

ammobia Phil. in Anal, Univ. Chil. 43: 569. 1873 (South America 

araucana R. Phil. Anal. Univ. Chil. 94: 162. 1896 (South America 

condensata Hemsl. Biol. Centr. Am. Bot. 3: 578. 1882-1886 (based on Megastachya 


condensatum ( Mexico Poa 
dentata Rydb. Bull. Torrey Club 34: 536. 1909 (Washington, Sandberg & Leiberg 
163 D. spicata var. stricta. 


distichophylla Labill. Fassett. Rhodora 27: 71. 1925 based on Uniola disticho 
phylla 

hirta Phil. Anal. Univ. Chil. 43: 570. 1873 (South America 

humilis Phil. Anal. Mus. Nae. Chile, Bot. 86, 1891 (South America 

larifora Hackel apud Stuckert in An. Mus. Nae. Buenos Aires 21: 141. 1911 (South 
Ameriea 


marginata Phil. Anal. Mus. Nae. Chile 86. 1891 (South America 
maritima Benth. Fl. Austral. 7: 637. 1878 (Australia D. distichophylla. 
maritima Rafin. Jour. Phys. 89: 104. 1819 (based on Uniola maritima) = D. spicata. 





maritima var. lara Holm. Bot. Gaz. 16: 277. 1891 (Utah D. spicata var. stricta. 
maritima var. stricta Thurb., in S. Wats., Bot. Calif. 2: 306. 1880 (based on Uniola 
stricta 


mendoccina Phil. Sert. Mend. Alt. 51 (South America 
misera Phil. Anal. Mus. Nae. Chile 86. 1891 (South America 


multinervosa Piper. Biol. Soe. Wash. Proe. 18: 147. 1905 = Vaseyochloa multinervosa. 
nodosa Rafin. Jour. Phys. 89: 104. 1819 (based on Festuca distichophylla and F. triti- 
cea Poa micha 


palmeri Fasset ex I. M. Johnston in Proe. Calif. Acad. Sei. Ser. IV. 12: 984. 1924 


I niola palme ri. 


prostrata (11.B.K.) E. Desy. in C. Gay, Fl. Chil. 6: 398. 1853 (based on Poa prostrata 
South America 
scoparia (Kunth) Arech. Gram, Urug. 397. tab. 58. 1894 (based on Poa scoparia) (South 


\merica 
spicata L. Greene. Bull, Calif. Aead. 2: 7. 415. 1887 based on Uniola spicata 
spicata var. humilis (Phil.) O. Ktze. Rev, Gen. 3, pt. 2: 350. 1898 (South America 
spicata var. lava Vasey, Beal, Grasses N. Am, 2: 519. 1896 (Utah, Tracy in 1887) =D. 


spicata var. stricta. 


spicata var. marginata Phil. O. Ktze. Rev. Gen. Pl. 3, pt. 2: 350. 1898 (South 
America 

spicata var. mendozina Hack. Anal. Mus. Nac. Buenos Aires ser. 3, 6: 513, 1906 (South 
America 

spicata stricta Seribn. Mem. Torrey Club 5: 51. 1894 based on Uniola stricta dD. 


spicata var. stricta. 

spicata var. thalassica (H.B.K.) Ktze. Rev. Gen. 3, pt. 2: 350. 1898 (South America 

stricta Rydb. Bull. Torrey Club. 602. 1905 (based on Uniola stricta 

stricta var. lara Fassett (spalm. Faweett) & West ex Munz, Man. South. Cal. 52. 1935 
based on D. maritima var. lara D. spicata var. stricta. 

tenuifolia Phil. Anal. Univ. Chil. 94: 162. 1896 (South America) 

texana Scribn. in U.S. Dept. Agr. Bull. Agrost. Cire. 16: 2. 1899 (based on Poa texrana 

thalassica (H.B.K.) E. Desv. in C. Gay, Fl. Chil. 6: 397. 1853 (South America) (based 
on Poa thalassica 

thalassica var. mendocina Kurtz. Bol. Acad. Nae. Ciene. Cordoba 15: 521. 1897 (South 
America 

viridis R. Phil. Anal. Univ. Chile 94: 163. 1896 (South America 

volekmanni Phil. Anal. Univ. Chil. 43: 571. 1873 (South America 
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INDEX TO AMERICAN BOTANICAL LITERATURE 


The aim of this Index is to inelude all current botanical literature written 
by Americans, published in America, or based upon American material; the word 
America being used in the broadest sense. 

Papers that relate exclusively to bacteriology, forestry, agriculture, horti- 
culture, manufactured products of vegetable origin, or laboratory methods are 
not included. If users of the Index will call the attention of the editor to errors 
or omissions, their kindness will be appreciated. 

The Index is reprinted monthly on ecards, and furnished in this form to sub 
scribers at the rate of three cents for each card. The different subjects as classi- 
fied below may now be ordered separately (but no orders will be taken for less 
than one vear’s issue in any classification). Correspondence relating to the card 


issue should be addressed to the Treasurer of the Torrey Botanical Club. 
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Clokey, I. W. Notes on the flora of the Charleston Mountains, Clark County, 
Nevada. V. Cactaceae. Madroiio 7: 67-76. pl. 4, 5. 29 Jl 1943. 
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notes of some Old World genera, 144-154. pl. 1-3. 

Howell, J. T. Sertulum Greeneanum, Am. Midl. Nat. 30: 6-39. Jl [|S] 1943. 

Hume, H. H. Zephranthes gracilis Herb. and Zephranthes minima Herb. Am. 
Jour. Bot. 30: 501-504. f. 1-5. JI [Au] 1948. 

Jaramillo, R. El milpesos, monografias botanicas. Univ. Antioquoa 58: 215-222. 
Ap-My 1943. 

Jenkins, M. T. A new loeality for teosinte in Mexico. Jour. Hered. 34: 206. 
f.7. JI [S] 1943. 

Johnson, J. H. Peruvian lime-secreting algae from the Guadalupe Mountains, 
New Mexico. Bull. Geol. Soc. Am, 53: 195-226. pi. 1-7 +f. 15. 1 F 1942. 

Johnston, I. M. Plants of Coahuila, eastern Chihuahua, and adjoining Zacatecas 
and Durango, I. Jour. Arnold Arb. 24: 306-339. J1 1943. 

Jones, C. H. Additions to the revised catalogue of Ohio vascular plants. XI. 
Ohio Jour. Sci. 43: 186-192. Jl 1943. 

Jones, C. H. Studies in Ohio floristies. Il. Rare plants of Ohio. Castanea 8: 
81-108. My—O | Au] 1943. 

Jones, G. N. A new form of Prunus virginiana from Indiana and Illinois. 
Rhodora 45: 354, 355. S 1943. 

Krukoff, B. A. & Moldenke, H. N. Supplementary notes on American Menisper 
maceae—IIT. Bull. Torrey Club 70: 400-406, 12 J1 1943. 

Krukoff, B. A. & Monachino, J. Supplementary notes on the American species 
of Strycknos—l. Brittonia 5: 21-24. 8 1943. 

Leonard, E. C. Three new Acanthaceae from Panama. Proc. Biol. Soe. Wash. 
56: 53-56. 16 Je 1943. 

Li, Hui-Lin Notes on the flora of Indo-China. Jour. Arnold Arb, 24: 362-374. 
J1 1943. 
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Li, Hui-Lin On the Sino-Himalayan species of Shortia and Bernewria. Rhodora 
$5: 333-337. S 1943. 

McVaugh, R. Botanical collections of the La Plata expedition of 1853-1855. 
Brittonia 5: 64-79. S 1943 

McVaugh, R. The status of certain anomalous native crabapples in eastern 
United States. Bull. Torrey Club 70: 418-429. f. 7-3. 12 J] 1943. 

Martinez, M. Tres especies nuevas Mexicanas del genero Abies. An, Inst. Biol. 
Mexico | 13: 621-634. f/f. 10, 1942 |.J1 1943 

Mathias, M. E. & Constance, L. A new species of Tauschia from the state of 
Washington. Madrofio 7: 65-67. f. 1. 29 J) 1943. 

Merrill, E. D. An attempt to complete the record. Brittonin 5: 25-32. S 1943. 

Merrill, E. D. An index to Rafinesque’s published technical names for the cellu 
lar eryptogams. Farlowia 1: 245-262. J1 1943. 

Merrill, E. D. New names for ferns and fern allies proposed by C. S. Rafinesque, 
1806-1838. Am. Fern Jour. 33: 97-105. JI-S 1943. 

Merrill, E. D. Some economic aspects of taxonomy. ‘Torreya 43: 50-64, J] 
27 Au] 1943. 

Meyer, T. Las Asclepiadaceas Argentinas de los generos Amblysltigma y Nau 
tonia, Lilloa 8: 379-394. 7 pl.+/f. 1-4. 27 My 1943. 

Miranda, F. Nuevas fanerogamas del S. O. del Estado de Puebla. An. Inst. 
Biol. | Mexico!] 13: 451-462. 7. 7-5. 1942 [J] 1943 

Moldenke, H. N. Contributions to the flora of extratropical South America. 
IV. Lilloa 8: 397-435. 27 My 1943. 

Monachino, J. Reduction of Castelaria Brittonii Small. Trop. Woods 75: 4, 5. 
LS 1943. 

Moran, R. Dudleya Anthonyi. Desert 15: 86-89. f. 7-4. JlI-Au 1943. 

Muenscher, W. C. Potamogeton spirillus may grow as an annual. Rhodora 45: 
329, 330. 10 Au 1943. 

O’Donell, C. A. & Lourteig, A. Hippomaneae Argentinae (Euphorbiacea). Lilloa 


8: 545-592. pl. 1-6 +f. 1-14. 27 My 1943. 

Papenfuss, G. F. Notes on algal nomenclature. Il. Gymnosorus J. Agardh. Am. 
Jour. Bot. 30: 463-468. f. 1-75. Jl [Au] 1943. 

Patrick, R. The diatoms of Linsley Pond, Connecticut. Proe. Acad. Nat. Sei. 
Phil, 95: 53-110. pl. 11, 12. 30 J1 1943. 

Pennell, F. W. The Scrophulariaceae of the western Himalayas. Acad. Nat. Sei. 
Phil. Monograph 5: i—vii, 1-163. pl. 1-25. 10 8 1943. 

Pennell, F. W. A second summary of the Serophulariaceae of New Guinea. Jour. 
Arnold Arb, 24: 243-274. pl. 1-5. Jl 1943. 

Pennell, F. W. To the Paramo de Chaquiro. Am. Fern Jour. 33: 81-96, JI-S 
1943. 

Perry, B. A. Chromosome number and phylogenetic relationships in the Euphot 
biacene Am. Jour. Bot. 30: 527-543. f. 7-9. JI | Au] 1943. 

Porter, C. L. The genus Amphipappus Torr. and Gray. Am. Jour. Bot. 30: 
181-483. f. 7. JL | Au] 19438 

Perter, C. L. A new species of Sphaeraleca from New Mexico. Bull. Torrey 
Club 70: 531, 532. f. 1, 2.1 S 1943. 

Record, 8. J. Keys to American woods. Trop. Woods 73: 23-42. 1 Mr 1943. 74: 
17-43. 1 Je 1943. 75: 8-26. 1 S 1943. 

Rickett, H. W. The inflorescence of Crataegus. Bull. Torrey Club 70: 489-495. 


f.1,2.18 1943. 
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Rivera Morales, I. Estudio botanico e historico acerea del ‘‘ palo copado’’ 
Quararibea funebris (Liave) Standl. An, Inst. Biol. [Mexico] 13: 499-502. 
1 f. 1942 |. J1 1943). 

Rivera Morales, I. & Miranda, F. Nombres vulgares de plantas en el 8. O. de 
Estado de Pueble. An. Inst. Biol. | Mexico] 13: 4938-498. 1942 [J] 1943]. 

Rodrigo, A. del P. Una nueva Malvacea del genero Sida, Sida lilloana nov. sp. 
Lilloa 8: 437-439. 1 pl.+f. a-h. 27 My 1943. 

Ruiz O., M. Estudio de dos especies de hepaticas encontradus en Itzocan de 
Matamoros, Pue. An. Inst. Biol. [Mexico] 13: 397-403. f. 1, 2. 1942 
[Jl 1943 

Schweinfurth, C. A new South American Lycomormium. Am. Orchid Soc. Bull, 
12: 134—136. 1 pl. 38 1943. 

Schweinfurth, C. A Peruvian novelty in Catasetum. Am. Orchid Soe, Bull. 
12: 100. pl. 4. 4 Au 1943. 

Shaver, J. M. The filmy and polypody ferns in Tennessee. Jour. Tenn. Acad. 
18: 215-222. f. 7 13. Jl 1943. 

Shaver, J. M. New occurrences of Dryopteris Clintoniana in Tennessee. Am. 
Fern Jour. 33: 107-109. JI-S 1943. 

Shinners, L. H. The genus Aster in Nova Scotia. Rhodora 45: 344-351. 8 1945. 

Smith, A. C. Hillipiella, a new Colombian genus of Vaecinaceae. Jour. Wash. 
Aead. 33: 242-244. f. 7. 15 Au 1943. 

Smith, A. C. Studies of Pacific Island plants, IT. Notes on the Pacifie species of 
Piper. Jour. Arnold Arb. 24: 347-361. J1 1943. 

Smith, A. C. Studies on Pacifie Island plants—III. New and noteworthy flower 
ing plants from Fiji. Bull. Torrey Club 70: 533-549. 1S 1943. 

Stehlé, H. La vegetation muscinales des Antilles Francaises et son interet dans 
la valorisation sylvicole. Carib. Forester 4: 164-182. J] 1943. 

Standley, P. C. A Costa Rican species of Vantanea, of the family Humiriaceae, 
a group new to Central America. Trop. Woods 75: 5. 6. 1S 1943. 

Stout, A. B. Hemerocallis altissima Stout sp. nov. The Tsu-kin-shan daylily. 
Herbertia 9: 103-106. f. 74-76. My 1943. 

Svenson, H. K. Modern taxonomy and its relation to geography. Torreya 43: 
44-49. J] |Au] 1943. 

Vecchierello, H. Hepaticae or liverworts mentioned in David F. Day’s Catalogue 
of the plants of western New York and a Revision of the names to bring 
the list in conformity with current nomenclature. Sci. Stud. St. Bonaven 
ture Coll. 114: 9. Je 1943. 

Vecchierello, H. List of mosses mentioned by David F. Day in his Catalogue of 
plants of Western New York, brought up-to-date with reference to terminol 
ogy, etc. Sei. Stud. St. Bonaventure Coll. 114: 11-14. Je 1943. 

Waterfall, U. T. A new species of Haplopappus from southwestern Texas. 
Rhodora 45: 351-353. S 1943. 

Weatherby, C. A. Valid and legitimate names—and Thalictrum polycarpum 8. 
Wats. Madrono 7: 83-85. 29 Jl 1943. 

Wherry, E. T. Microsteris, Phlox, and an intermediate. Brittonia 5: 60-63. 
f. 1. 8 1943. 

Woodson, R. E. A new Amsonia from the Ozarks of Arkansas. Rhodora 45: 
328, 329. 10 Au 1943. 


Yuncker, T. G. Cuscuta Flossdorfii Hicken. Lilloa 8: 395, 396, 27 My 1943. 
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MORPHOLOGY 
(including anatomy, and cytology in part) 
See so under Taxonomy: Perry; under Mycology and 
Phytopathology: Woods & DuBuy) 


Bailey, I. W. & Nast, C. G. The comparative morphology of the Winteraceae. I. 
Pollen and stamens. Jour, Arnold Arbor. 24: 340-346, pl. 1-3. J1 1943. 

Bannan, M. W. Wood structure of Kyania. Am. Jour. Bot. 30: 351-355. f. 

My |4 Je] 1943. 

Berger, C. A. & Witkus, E. R. A ‘ytological study of ¢-mitosis in the polysomatic 
plant Spinacia oleracea, wth comparative observations on Allium cepa. 
Bull. Torrey Club 70: 457-468. pl. 1, 24+. 17, 18.18 1943 

Carlson, M. C. The morphology and anatomy of Calopogon pulchellus. Bull 
Torrey Club 70: 349-368. f. 1-26. 12 J1 1943 

Cheadle, V. I. Vessel specializat: u in the late metaxylem of the various organs 
in the Monocotvledoneae. m. Jour. Bot. 30: 484-490. f. 7-8. JI Au 
1943 | 

Crafts, A. S. Vascular differenti: 10on in the shoot apices of ten coniferous spe 
cies. Am. Jour. Bot. 30: 382-393. f. 1-9. My |4 Je] 1943. 

Cross, G. L. The shoot apices of “throtaris and Taiwania. Bull. Torrey Club 


70: 335-358. f. 1-6. 12 Jl 1323. 

Darrow, R. A. Vegetative and floral growth of Fouguieria splendens. Ecology 
24: 310-322. f. 1-6. J1 1943. 

Ernst-Schwarzenbach, M. The sexial dimorphism of the tropical mosses of the 
genus Macromit n. Farlo. ta 1: 195-198. f. 1-5. J1 1943. 

Esau, K. Ontogeny of the vaseul:.r bundle in Zea may Hilgardia 15: 327-356. 
pl. l f é. Ap 1943. 

Esau, K. Vascular differentiation in the pear root. Hilgardia 15: 299-311. 


pl. 1-10. Ap 1943. 

Gaiser, L. O., Sutherland, M. & Moore, R. Cytologies! studies in Martynia 
louisiana. Am, Jour. Bot. 30: 543-551. f. 1-16. Jl Au] 1943. 

Isenberg, I. H. The anatomy of redwood bark. Madrofio 7: 85-91. pl. 6-18. 
29 J1 1943. 

Johnson, M. A. Foliar development in Zamia. Am. Jour. Bot. 30: 366-378. 

1. My [4 Je] 1943. 

Kemp, M. Morphological and ontogenetic studies on Torreya californica Torr. 1. 
The vegetative apex of the megasporangiate tree. Am. Jour. Bot. 30: 504 
517. f. 1-17. Jl) | Au] 1943. 

Knobloch, I. W. Morphological variation and cytology of Bromus inermis. Bull. 
Torrey Club 70: 467-472. f. 1-3. 1 S 1943. 

Moseley, M. F. Contributions to the life history, morphology and phylogeny of 
Widdrinatonia « upressoides. iloydia 6: 109-132. f. 1-27. Je 1943. 

Sharp, L. W. Fundamentals of cytology. r, 1-270. illustr. MeGraw-Hill. 1943. 

Shull, J. M. Diversity of form in daylilies. Herbertia 9: 156-161. pl. 230, l 

f. 79. My 1943. 

Sinnott, E. W. Cell division as a problem of patterr in plant development. 
Torreya 43: 29-34. f. 1-4. J1 [27 Au] 1943. 

Smith, E. C. A study of cytology and speciation in the genus Populus L. Jour. 
Arnold Arbor, 24: 275-305, pl. 1-4. J1 1943. 

Stone, E. L. & Stone, M. H. Dormant buds in certain species of Pinus. Am. 
Jour. Bot. 30: 346-351. f. 1-10. My [4 Je] 1943. 
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Stone, E. L. & Stone, M. H. ‘‘ Dormant’’ versus ‘‘adventitious’’ buds. Science 
98: 62. 16 Jl 1943. 

Wetmore, R. H. Leaf-stem relationships in the vascular plants. Torreya 43: 
16-28. f. 1-8. Jl [27 Au] 1943. 


PLANT PHYSIOLOGY 

Addicott, F. J. Pollen germination and tube growth in Milla as affected by pure 
growth substances. Herbertia 9: 133-135. My 1943. 

Barton, L. V. Effect of moisture fluctuations on the viability of seeds in storage. 
Contrib. Boyce Thompson Inst. 18: 35-45, f. 1, 2. Ap-—Je 1943. 

Barton, L. V. The storage of citrus seeds. Couatrib. Boyce Thompson Inst. 13: 
17-55. Ap—Je 1943. 

Bernstein, L. Amylases and carbohydrates in developing maize endosperm. 
Am. Jour. Bot. 30: 517-526. f. 1-4. J1 | Au} 1948. 

Berry, L. J. & Hoyt, R. C. Polarization and stimulation of the onion root by 
direct current. Plant Physiol. 18: 372-3 5. f. 1-70. Jl [Au] 1943. 

Bonner, J. & Dorland, R. Some observations concerning riboflavin and panto 
thenie acid in tomato plants. Am. Jour. 3ot. 30: 414-418. f. 7. Je [26 J]] 
1943. 

Briggs, G. B. Effect of boron in the substrate on the rate of nitrate absorption 
and on nitrogen distribution in Nasturtium, Plant Physiol. 18: 415-432. 

1. J) Au] 1943. 

Burkholder, P. R. & Moyer, D. Vitamin deficiencies of fifty yeasts and molds. 
Bull. Torrey Club 70: 372-377. 12 J1 1943. 

Denny, F. E. Inactivation of the browning system in dried apples. Contr. Boyce 
Thompson Inst. 13: 57-63. f. 1. Ap-—Je 1943. 

Denny, F. E. & Thornton, N. C. Effect of post-harvest pre-storage conditions on 
the rate of development of sugar in potato tubers during subsequent cold 
storage. Contr. Boyce Thompson Inst. 13: 65-71. Ap—Je 1943. 

Doneen, L. D. & MacGillivray, J. H. Germination (emergence) of vegetable seed 
as affected by different soil moisture cenditions. Plant Physiol. 18: 524 
529. f. 1. Ji [Au] 1943. 

Fan, C. S., Stauffer, J. F. & Umbreit, W. W. An experimental separation of 
oxygen liberation from carbon dioxide fixation in photosynthesis by Chlo 
rella. Jour. Gen, Physiol. 27: 15-28. f. 1-5. 20 8 1943. 

Frazier, J. C. Food reserve depletion and synthesis in field bindweed, Con 
volvulus arvensis L., as related to 7-day and 14-day intervals of cultivation. 
Plant Physiol. 18: 315-323. Jl [| Au] 1943. 

Galston, A. W. The isolation, agglutination and nitrogen analysis of oat chloro 
plasts. Am. Jour. Bot. 30: 331-334. f. 1. My [4 Je] 1943. 

Hedrick, J. A. & Alexopoulos, C. J. A further note on the production of thiamine 
by Actinomyces. Bull. Torrey Club 70: 369-371. 12 J1 1943. 

Kramer, P. J. & Wetmore, T. H. Effects of defoliation on cold resistanee and 
diameter growth of broadleaved evergreens. Am. Jour. Bot. 30: 428-431. 
Je [26 Jl} 1943. 

Leonard, R. H. & Dustman, R. B. Sugars in relation to color and thiocyanate 
spray in apples. Plant Physiol. 18: 488-497. Jl | Au] 1943. 

Lineberry, R. A. & Burkhart, L. Nutrient deficiencies in the strawberry leaf and 
fruit. Plant Physiol. 18: 324-333. f. 1-7. Jl [Au] 1943. 

Lyon, C. J. Water supply and the growth rates of conifers around Boston. 


Eeology 24: 329-344. f. 1-4. J1 1943. 
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Marczynzski, R. Studies on the nutrition of Collybia velutipes (Curt.) Quel. 


Homobasidiomyeetes, Agarieales). Am. Midl. Nat. 30: 164-170. JI [S 
1943 

Mandels, G. R. A quantitative study of chlorosis in Chlorella under conditions 

sulphur deficiency Plant Physiol. 18: 449-462. f. 1-170. Jl | Au] 1948. 

Meyer, B. 8S. ¢/ al. Effect of depth of immersion on apparent photosynthesis in 
submersed vascular aquatics. Ecology 24: 393-399. J1 1943. 

Meyer, 8S. L. & Ford, C. H. Influence of the hydrogen-ion concentration of the 
substrata on the development of leafy moss plants. Plant Physiol. 18: 


530-533. Jl [Au] 1943. 
Moinat, A. D. Nutritional relationships of boron and indoleacetice acid in head 
lettuce. Plant Physiol. 18: 517-523. f. 17-2. Jl | Au] 1943. 
Noecker, N. L. & Reed, M. Observations on the vitamin requirements of 
Stereum frustulosum (Pers.) Fr. Am. Midl. Nat. 30: 171-174. Jl [S] 1948. 
Osterhout, W. J. V. Nature of the action current in Nitella. V. Partial response 
ind the all-or-none law. Jour. Gen. Physiol. 27: 61-67. pl. r. 2; & aes 
1943. 
Pratt, R. Studies on Chlorella vulgaris. VIL. Influence of the ag 
on the rates of photosynthesis and respiration. Am. Jour. Bot. 30: 404-408, 
f. 1-6. Je [26 Jl] 1943. 


Richards, O. W. & Kavanagh, A. J. The analysis of the relative growth gradi 


ents and changing form of growing organisms illustrated by the tobacco 


e of the culture 


leaf. Am. Nat. 77: 385-395. f. 1-3. S-O 1943 

Riley, G. A. Physiological aspects of spring diatom flowerings. Bull. Bingham 
Oceanog. Coll. 84: 1-53. f. 1-15. Je 1943. 

Robbins, W. J. Further observations on the specificity of Hypoxanthine fon 
Phycomyces. Proe. Nat. Acad, 29: 201, 202. 15 J1 1943. 

Roberts, R. H. & Struckmeyer, B. E. Blossom induction of the cranberry. Plant 
Physiol. 18: 534-536. f. 1, 2. Jl [Au] 1943. 

Routien, J. B. & Dawson, R. F. Some interrelationships of growth, salt absorp 
tion, respiration, and mycorrhizal development in Pinus echinata Mill. Am. 
Jour. Bot. 30: 440-451. Je [26 J1] 1943. 

Satina, S. & Blakeslee, A. F. Periclinal chimeras in Datura in relation to the 
development of the carpel. Am. Jour. Bot. 30: 453-462. f. 1-37. Jl [Au 
1943. 

Schopfer, W. H. Plants and vitamins. Authorized translation by Norbert C. 
Noecker. viv, 1-293p. pl. 1-3. Waltham, Mass., Chronica Botanica, 1943. 
Thomas, M. D. ef al. The utilization of sulphate and sulphur dioxide for the 
sulphur nutrition of alfalfa. Plant Physiol. 18: 345-371. f. 7-5. Jl [Au 

1943. 

Turrell, F. M., Sokoloff, V. P. & Klotz, L. J. Structure and composition of citrus 
leaves affected with mesophyll collapse. Plant Physiol. 18: 463-475. f. 1-6. 
Ji [Au] 1943. 

Withrow, R. B. Radiant energy nomenclature. Plant Physiol. 18: 476-487. 
Ji [Au] 1943. 

Zimmerman, P. W. Present status of ‘‘ plant hormones.’’ Boyce Thompson Inst. 
Prof. Pap. 1: 307-320. f. 1-5. F 1943. 
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GENETICS 
(including cytogenetics) 

Allen, C. E. The evolution and determination of sexual characters in the Angio 
sperm sporophyte. Torreya 43: 6-15. Jl] [27 Au] 1943. 

Atkinson, L. R. A preliminary report of fertilization in Marsilea vestita. Am. 
Jour. Bot. 30: 401-404. f. 1-9. Je [26 J1] 1943. 

Beard, F. C. The germination capacity of maize pollen having aberrant nuelei. 
Bull. Torrey Club 70: 449-456. f. 1-5. 1 S 1943. 

Beatty, A. V. The division of the generative nucleus in Eschscholtzia. Am. Jour. 
Bot. 30: 378-382. f. 1-12. My [4 Je] 1943. 

Bergner, A. D. Chromosomal interchange among six species of Datura in nature. 
Am. Jour. Bot. 30: 431-440. f. 1-3. Je [26 J1] 19453. 

Brown, M. 8S. Haploid plants in sorghum. Jour. Hered. 34: 163-166. f. 7-3. Je 

Au] 1943. 

Cooper, D. C. Haploid-diploid twin embryos in Lilium and Nicotiana. Am. Jour. 
sot. 30: 408-413. f. 1-719. Je [26 Jl] 1943. 

Davis, B. M. An amphidiploid in the F, generation from the cross Oenothera 
franciscana x Oenothera biennis, and its progeny. Genetics 28: 275-285. 
pl. 1, 24+f. 1. 31 1943. 

Einset, J. Chromosome length in relation to transmission frequency of maize 
trisomes. Genetics 28: 349-364. S 1943. 

Horovitz, S. & Marchioni, A. H. Herencia de la resistencia a la langosta en el 
maiz ‘‘Amargo’’. An. Inst. Fito. Santa Catalina 2: 27-52. pl. 8, 9. f. 
1942 [1943 

Immer, F. R. & Henderson, M. T. Linkage studies in barley. Genetics 28: 
419-440. S 1943. 

Johnson, T. & Newton, M. The inheritance of a mutant character in Puccinia 
graminis tritici. Canad. Jour. Res. C 21: 205-210. f. 1-7. Jl 1943. 

Keitt, G. W., Langford, M. H. & Shay, J. R. Venturia inaequalis (Cke.) Wint. 
II. Genetic studies on pathogenicity and certain mutant characters. Am. 
Jour. Bot. 30: 491-500. pl. 1-3. J1 [Au] 1943. 

Lesley, M. M. & Lesley, J. W. Hybrids of the Chilean tomato. Sterile and fertile 


plants of Lycopersicon Peruvianum var. Dentatum Dun. (L. Chilense Dun. 


and diploid and tetraploid hybrids with cultivated tomatoes. Jour. Hered. 
34: 199-205. f. 2-6. J] [S] 1943. 

Mazoti, L. B. Estudio genetico sobre maices amilaceos de Argentina. An. Inst. 
Fito Santa Catalina 2: 17-26. 1942 [1943]. 

Mehlquist, G. A. L., Blodgett, C. O. & Bruscia, L. Colchicine induced tetraploid) 
in Delphinium cardinale. Jour. Hered. 34: 187-192. f. 18, 19. Je [Au] 19438. 

Morgan, D. T. The formation of chromocenters in interkinetie nuclei of maize by 
knobs and B chromosomes. Jour. Hered. 34: 195-198. f. 1. Jl [Au] 1943. 

Myers, W. M. & Hill, H. D. Increased meiotic irregularity accompanying in 
breeding in Dactylis glomerata L. Geneties 28: 383-397. 8 1943. 

Newcomber, E. H. An F,, colchicine-induced tetraploid cabbage and some com 
parisons with its diploid progenitor. Jour. Elisha Mitchell Soc. 59: 69 
72. pl. 13-16. J1 1943. 

Perak, J. T. Triticum durum tetraploide obtenido por colchicina. An, Inst. Fito 
Santa Catalina 2: 7, 8. pl. 1. 1942 [1943]. 

Riley, H. P. Cell size in developing ovaries of Jris hexragona var. giganticac rulae. 
Am. Jour. Bot. 30: 356-361. f. 1-7. My [4 Je] 1943. 

Salomon, E. 8. Sorghum sudanense (Piper) Stapf tertaploide obtenido por col 
chicina. An. Inst. Fito Santa Catalina 2: 13-16. pl. 6, 7. 1942 [1943]. 
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Schnack, B. Obtencion d& poliploides en Gaillardia pulchella Foug., por le accion 

de la Colehicina An. Inst. Fito Santa Catalina 2: 9-12. pl. 2-5. 1942 
1943 

Smith, D. C. Intergeneric hybridization of Triticum and other grasses, prinei 
pally Agropyron. Jour. Hered. 34: 219-224. f. 14. JI [S] 1943. 

Swanson, C. P. The behavior of meiotic prophase chromosomes as revealed 
through the use of high temperatures. Am. Jour. Bot. 30: 422-428. f. 1-1 
Je [26 J1] 1943 

Vilkomerson, H. Chromosomes of Astragalus. Bull. Torrey Club 70: 430-435. 

12 Jl 1943. 


MYCOLOGY AND PHYTOPATHOLOGY 

Andrews, E. A. Seedling blight and root rot of grasses in Minnesota. Phyto 
pathology 33: 234-239. Mr 1943. 

Arndt, C. H. Phythinm ultimum and the damping-off of cotton seedlings. Phyto 
pathology 33: 607-611. J1 1943. 

Baker, E. E., Mrak, E. M. & Smith, C. E. The morphology, taxonomy, and distri 
bution of Coccidioides immitis Rixford and Gilchrist 1896. Farlowia 1: 
199-244. pl. 1-8. J1 1943. 

Barnett, H. L. The development and structure of Longia terensis. Mycologia 
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Nauss, Rutu N.: Observations on the cul 
ture of Hemitrichia ve sparium, with 
special reference to its black plasmodial 
color 152 

Vephrolepis biserrata 386, 38 


cans 386: cordifolia 386, 38 


: var. ful 
eraltata 
387; hirsulula 387 

Verium oleander 515 

Veurospora 605; crassa 610; sitophila 610 

New constituent in wheat germ oil 599 

New North American Umbelliferae—II 58 

New Species of Sphaeraleea from New 
Mexico 531 

Nomenclatural changes in the genus Cus 
cuta, and notes on some American spe 
cies 61 

North American species of Erigeron cen 
tering about EF. speciosus (Lindl.) DC 
and EF. glabellus Nutt. 265 

North American variations of Distichlis 
spicata 638 

Notes on plants of the Pacific Islands 
LIL 386 

Number of chromosomes in two species of 


Amorphophallus 612 


Vymphaea candida 513 


\V yssa biflora 226 


Observations on the culture of JZemitrichia 
vesparium with special reference to its 
black plasmodial color 152 

Ochrosia elliptica 549 

Oenothera biennis 35, 37; rhombipetala 35 

Oncidium longipes 112 

Opuntia fragilis 238; stricta 514 

Orchyllium Endresii 252-260 

Orchyllium Endresii, the morphological 
nature of the photosynthetic organs of, 


as indicated by their vascular structure 


one 


Ou 


Osmorrhiza Claytoni 224 
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Osmoti quantities of the cells in the hypo 
cots of Helianthus ani s seedlings 
56 

Os nda mamomeda soe ja St 

Oxralis Acetosella 226 ontana 224 { 

Oryden arboreum 221 

Oxrytrop pinete m 450 

Pachurh angulatus 541: trilobus 541 

Pace S agintana 22] 

Pana trifolium 223, 224 

Pani wbemarlens 5 arundinariac 
Hu 4 pau) ati iO: gat Iso 
} sé 

Pa elia acetab n 146; cetra vil 


Parthenocissus quinaquefe a 222 
Paspalum distichum 534 
Passiflora alato-caerulea 514 
ellea atropurpurea 398, 399; glabella 399 


Peontstemon f licosus 475 


, 





eranitum op OLdES 


I 
] 
Pentas carnea 515 
I 
/ 


7 ploca gracea 515 
Persea pube scens 485 
Phaca Preuss $30, 433: « otalariace $5 
Phacelia fimbriata 223 





Phakospora columbiana 519, 520: crotonis 


521; hansfordii 523, 525; 


meibomidae 


Soo "> Fon - 


) »: pachyrhi io ») >: Vignade ie, : » 





Phala Ss arundinacea, differenti: tion Ill 


1835 


red root tips of 182 
Phaseolus lathyroides 397: lunatus 523: 


rae rolepis 73: vulgaris 263 
Ph alophora verrucosa 376 
Phloa pantie lata 515: stolonifera 224 
Phleum alp na 170: pratense 170 
Phraqmoth yrites ceocaecnica 136 
Phycomuces blakesleeanus 193, 5369 
Phyllanthus reticulatus 527; speciosus 514 
Physalis virginiana 37 
Physarum polucephal ni 154, 156, L58 
Physopella fici, 79 
Phytophthora cinnamomi 190: ery hrosep 
frea 244; var. atropae 244; 
244-250 
Phytophthora rot of Belladonna 244 
Picea rubens 214, 221; sitchensis 236, 240, 
24] 
Pichia alcoholophila 373: beldgica 374, o 5: 


paras fica 


Dombrowskii 374, 375 

Pierce, J. H., AND H. A. GLEASON: Two 
new species of Hypericum from Colom 
bia 174 

Pileolaria standleyi 72, 73; clemensiae 74; 
pistaciae 74 


Pinus albicaulis 477; banksiana 36, 38, 40; 


contorta 236, 8, 240, 241; monticola 
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1 
Pistacia mericana 74 
Planera aquatica ) 
I 


lant succession on abandoned fields in 


the central Wisconsin sand plain area 


Plant succession on talus slopes in north 
ern Idaho as influenced by slope ex 
posure 475 

Plantago lanceolata 515 


Platanus aceroides 226: ¢ 


Pleetronia vulgaris 17 

Piuchea foetida 486 

Poa compressa 36, 373 « ispidata 224; 

chauri 649; pratensis 470, 471; pros 

frata OAD: scoparia O49: ferana 649: 
thalassica 649 

Podophyllum petlatum 224 

Pollen, Germination.of Maize 449 

Pollen study of two bogs on Oreas Island, 

of the San Juan Islands, Washington 

236 

Polyalthia angustifolia 538 

Polygonum acre 485, {S86 : convolvulus 56: 
densiflorum 485, 486 

Polygonatum biflorum 224 

Polypodii m virginianum 226: vulgare 226 

Polyploidy in Sedum pulehellum—lI. Cyto 
geography 26 

Polyploidy in Sedum pulchellun II. Sto 
matal size and frequency 261 

Polyporus versicolor 191, 192, 194, 195 

Polystich nt ae rostichoide S Bue, 223 

Populus dgrandidentata os, $() - trichocarpa 
238 

Porter, C. L.: A new species of Sphaeral 
cea from Mexico 53] 

Portulaca fosbergii 397: grandiflora 514: 


lutea 397: oleracea 397 
_ 


Potentilla alba 513: palustris 
PRATT, ROBERTSON: Influence of tempera 
ture on the infection of wheat by the 
powdery 


frifticr 3 


mildew, Erysiphe Cramtinis 
7 


x 


Preliminary investigation of the North 


Amerienn canes (Arundinaria) 297 





Primula Auricula P59: obeonica 





Prospodium conjunctum 74 

Psedera quinque folia 436 

Pseudomonas striata 4 

Pseudele phantopus spicati s 395 

Pseudotsuga taxifolia 59, 238, 240, 241, 
$77 

Pterophacos pterocarpus $33 
$53 


tetrapterus 


———— 


mm 


ae ee ese 
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Ptilimnium ce pillace um 486 

Ptychocarya macrocai pa 535 

Pueraria Thomsoni 541; Thunbergiana 
541 

Puecinia alia 74: berberidis-trifoliac 70, 


conocliniz 





$: cacao 528: cenchri 
) 


74, 77; cnilapensis 74, 77; degener, 72, 
74; digitariae 524; dyschoristes 72, 75, 


76: farinacea 75: fuirenae 76: qouaniac 


liaefoliae 523; hansfordiana 523 


kimurai 529: levis 528: 





naudita 76: 








oahuensis 524, 525; pappiana 528; pas 


palicola 524: proba 76: re pe ntina 76, 


4% rie lliae bourdgae * 76: semota 78: 


RQ. 


senecionicola 524; spegazziniana 77, 7 


subaquila 78: substriata 526: tubulosa 
524; ugandana 525; vagans 527 


Ooo #9oO7 


Pyrularia pube PGA Gee, oal 


Pythium debaryanum 248-250; irregulare 


248-250; ultimum 248-250 


QVuerceus alba 226: calvertonensis 226: el 


lipsoidalis 10: garryana 238; macrocarpa 
40: marima 221: Michauzriit 226: mon 
tana 221; palust) is 226: prinus 226: 


velutina 40, deed 4 


Railliardia linearis 396; lonchophylla 396; 


reticulata 396: seabra 396 


Oor. 


Ranunculus abortia us ouw fascicularis 


oo 


Rapanea crassiramea 547, 548 
Ravenelia biconata S80; 


recurvatus 224 





bre vispora ov 


lonchocarpicola 78; mere 78; similis 78 
REEDER, JOHN R.: The status of Distichlis 


dentata 53 
Relation of certain fungi to thiamine 190 
Rhizophagites 131; butleri 128, 129, 131, 

135; minnnesotensis 128, 129, 131 
Rhamnella hainanensis 544; rubrinervis 

544; vitiensis 544 
Rhododendron lapponicum 399 
Rhus glabra 38; toxicodendron 436, 486 
Ribes lacustre 475; viscossimum 475 
Ricketrr, H. W.: The Inflorescence of 

Crataegus 489 
ROBBINS, WILLIAM J., AND RopertTa Ma: 

Relation of certain fungi to thiamine 

190 
Robinia pseudoacacia 221 
ROSENDAHL, ¢ 

Minnesota 126 
Rubus betulifolius 485, 486: 


O.: Some fossil fungi from 


canadensis 


: 2 
irTaSUENSIS io 


ooo 


222 : nigrobaceus 222: 


Zwerckheimii 71 
Rudbeckia laciniata 224 
Ruellia amoena 389; graecizans 389; ven 


tricosa 389 


VOLUME 673 


) 


Rumex acetosella 36, 37 


Rusts, Descriptions of tropical—V_ 68; 
VI 517 

Ruta araveolens 514 

Rutidea rufipilis 519, 523 

RYAN, FRANcIsS J.: Crossing-over and sec- 


ond division segregation in fungi 605 


Saccharodendron barbatum 220, 221 


Saccharomyces -ayanus 374; validus 374 
Sacciole pis striata 485, 486 


Sagittaria latifolia 486; sagittifolia } 





Saintpaulia icnantha 515 
Salacia pachycarpa 542 
Salia caprea 514: nigra 485, 186 


Salvia gracilis 75: mocinoi 75: myriantha 


; 


rs) 
Salvinia formosa 226; natans 226 
Samanea Saman 540 
Sambucus canadensis 486; melanocarpa 
475: pube us 222 
Sanicula ¢ uropaea 
Sarcina flava 4, 5 
Sassafras albidum 436 
Satureia eugenoides 66 
Saururus cernuus 486 
Scabiosa caucasica 515 
Schizonotus argenteus 276, 278, 286: var. 
alpestris 288; var. angustissimus 284, 
288: var. dumosus 281; var. griseus 288: 
var. intermedius 288: var. mexicanus 


288: var. Mutisianus 286: 


ariaefolius 

278: discolor 278: var. dumosus 281; 
var. fissus 284: var. Purshianus 278: 
dumosus 281 

Schizosaccharomyces pombe 374, 375 

Schrankia distachya 540, 541 

Sciadotenia paraensis 404; Sagotiana 404; 
solimoesana 40] 

Scirpodendron costatum 534; Ghaeri 534 

Scleria bracteata 81; macrocarpa 535 

Sele ropte ris illinove NSIS 120 

Schomburgkia lyonsii 105, 106 

Scopulariopsis brevicaulis 6 

Scorpidium scor pioide s 130 

Section Sedastrum of Sedum 289 

Sedastrum, section, of Sedum 289 

Sedastrum chapal NSE 292: ebracteatum 
290; glabrum 291; Hemsleyanum 295; 
incertum 292; pachusense 295; Painteri 


295 ; 


Palmeri 292: rubricaule 290: tur- 
grdum 291 

Sedum, Section Sedastrum of 289 

Sedum barrancae 290; chapalense 290- 
291; ebracteatum 290, 291, 292 
rubricaule 291; glabrum 290, 291, 292 
Hemsleyanum 290, 295, 296; Hintonii 


290, 292, 296; incertum 290, 292: Tlini- 


var. 


’ 
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fol ” 31: me 26, 30-32: nuttall 
anum i) 52 pach CONSE 295: Painteri 
295; pulchellum 26-32; rubricaule 290: 
/ natu °9, PPS: vigitlimontis 31 
Sedum pulchellum, polyploidy in 26, 261 


Senebiera didyma 540 
Nenecio denticulatus ov4: fulgens D115: mn 
teqge mus 477; Rugel 295+ warsce 


mid 1; 69 


Separation of Erigeron from Conyza 629 


Sequoia langsdorfit 136; se mpervirens 336, 
337, 341 

Sequoiade ndron giganteur 336, 337 

Sericotheca aragentea VSO: Bourseir PRL > 
concolor 283: discolor 278: dumosa 281: 

fissa 285: franciscana 279: dglabrescens 

284: niie ophylla P83: obovata 282: 
pachyd sca ZBL: saricola 2S2: Schaff 
neri 281: velutina 286 

Serratia plymouthensis } 

Setaria lutescens 36 

Shoot apices ot tthrotaris and Taiwania 
335 


Shortia galacifolia 515 


Sisyrinchium micranthum 535 

Supp, A. W., AND R. F. DAUBENMIRI 
Plant suecession on talus slopes’ in 
northern Idaho as influenced by slope 
exposure $73 

Smitu, A. C.: Studies on Pacific Island 
Plants—III. New and noteworthy flow 


Smilax hispida 222; Walteri 486 


ering plants from Fiji 533 

SmitH, Harriet E.: 
pulchellum—I1, Stomatal size and fre 
queney 261 


Poly ploidy in Sedum 


Solanum Dulcamara 515 

Solenostigma paniculatum 536 

Solidago altissima 395: avillaris 225; Cw 
tisit 222-224 

Some fossil fungi from Minnesota 126 

Sorbus occide ntalis 175 

Sparganium eurycarpum 127 

Spergularia marina 388; salina 388 

Sphaeralcea, a new species of from Mex 
ico 531 

Sphae raleea emoryi variabilis 532; pro- 
cera 531. 532 

Sphaerella lacustris 559 

Spinacia oleracea, C-mitosis in {57-465 


Spiraea argentea 275, 285, 286; ariaefolia 





18, 289; Boursiert 282: discolor 
_ 278, 279: var. ariaefolia 278; var. 
dumosa PR1: var. Glabrescens 284; 


douglasii 236: dumosa 279, 281: fissa 





284: Lindleyana - mexicana 288 


Sporoti ichon schenki 376 


Stachuurus, the genus 615-628 


Stachyurus chinensis 507, 616, 618, 619, 
; var. cuspidatus 618, 619, 627, 


; var. latus 618, 619, 627, 628; cor 


Duelo ] 625: 





628 


datulus 617, 619, 621; 
hk squ rolii 618; japonicus 624: hima- 
laicus 615-619, 621—623, 627 
617, 619, 623: macroca pus 617, 619, 


olius 617, 624; Mats 


cakii 617, 619, 623, 628; 


629; var. prunif 


Vishimura 
624; obovatus 615, 617, 619, 620; ovali 


folius 618, 628: praecoa 615-617, 619 


“> 
bo 





628: retusus 618, 619, 


salicifolius 617, 619, 620: Sigey 





osit 622: yunnanensis 905, 307 615, 


617 


latus 617 


620: var. obovata 620: var. ped cel 
619 


Statice limonium 530; sinuata 530; spi 


catum 529, 530 

Status of certain anomalous native erab 
apples in eastern United States 418 

Status of Distichlis dentata 53 

Stellaria holstea 233 

Stenactis speciosa 268 

Sticta pulmonaria 147 

Structure and development of the shoot 
apex of Ephedra altissima Desf. 15 

Studies on Pacific Island plants—III. 
New and noteworthy flowering plants 
from Fiji 533 

Supplementary notes on American Meni 
spermaceae—IIT 400 

Supplementary notes on the American 
species of Erythrina I] 633 

NSvida alternifolia 221 

Swartzia montana 130, 134 


S ymplocas tinectoria 515 


Syndesmon thalictroides 225 


995 
» 


T ae nidia intege? ima 
Taiwania cryptomerioides 337-347 


= 


Talinum paniculatum 537 pate nS O3% 
triangulare 68 

Tamarix pentandra 514 

Tararacum kok saghyz, Macrosporogenesis, 
fertilization and early embryology of 
164 

Taraxacum kok-saghyz 164-172; officinale 
164 

Tauschia Ehrenbergii 58; Johnstoniana 
58: Stricklandi 58: texana 58 

Tarodium distichum 20, 23, 226, 336, 485, 
486: dubium 226 


Taxonomic revision of the genus J/olodis 


cus (Rosaceae 75 


a= é 





axonomy of the monogenerie tribe Elva 
sieae (Ochnaceae) 42 


fancifotius 


LT 


LLL CC 


@ 
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Telitoxicum tnopinatum 402 Uraria lagopodioides 3 
The tertiary character of the cove hard- Uredo  cenchricola ; cissicola 527; 
wood forests of the Great Smoky Moun colubrinae 79; digilariaecola 524; en- 
tains National Park 213 tandophragmae 527 ; eragrostidicola 
Tessenia glabella 273; var. subdiscoidea 528; erythrinae 79; eulaliae-fulvae 529; 
274 ficina 79; kigeziensis 527; machaerii 
Thalictrum dioicum 225 79; machaeriicola 79: melinidis 528; 
Thamnolia vermicularis 148 mira 528: morobeana.528, 529: muehlen- 
7 helypteris palustris 486 beckiae 80; obnixa 80; obvoluta 80; 
Theobroma Cacao 514 pusilla 79; quichensis 80; rcissekiac 
Theophrasta Jussieui 515 79; rottboellii 528 
Thiamine, Relation of certain fungi to 190 Uromyces calopogonii 80, 81; comedens 
Thielavia brasicola 244 526; congoensis 530; floralis 530; goya- 
THOMSON, JOHN W., JrR.: Plant succession zensis 530: hobsoni 526: limonii 530: 
on abandoned fields in the central Wis natrassii 529, 530; pustulatus 525, 530; 
consin sand plain area 34 rhodesicus 530: scleriae 81: statices 
Thuja heterophylla 240, 241; plicata 237 mucronatae 530 
Tiarella cordifolia 222, 224 Uropyxis diphysae 81 
Tilia americana 226; jacksoniana 226: Urticastrum divaricatum 222-224 
neglecta 220, 221; tomentosa 514 Usnea barbata 142; ceratina 142; diffrata 
Tillandsia usneoides 486 142; japonica 146 
Timonius kajewskii 393; smithii 393 Utricularia biflora 486; bryophylla 252; 
Tium Drummondii 433; racemosum 433; cornuta 252, 259; gibba 486; montana 
palans 433 252, 256-259 
Torulopsis dattila 374; molischiana 374; 
sphaerica 374, 375 Vaccinium arboreum 226; corymbosum 
Tovara virginiana 224 515 
Tracy Elliot Hazen 559 Vagnera racemosa 225 
Trichophyton acuminatum 376; discoides Validallium tricoccum 224 
376; faviforme 376; mentagrophytes Vaselia quinqueloba 45 
376; rubrum 376; sulphureum 376; Vaseyochloa multinervosa 649 
violaceum 376 Veratrum viride 224 
Trichothyrites pleistocaenica 133, 135, Viburnum lantanoides 222; scabrellum 486 
37 VILKOMERSON, HiLpA: Chromosomes of 
Trichovalesia canescens 46 Astragalus 430 
Trillium erectum var. album 224; grandi Viola blanda 222, 224: canadensis 92, 96, 
florum 225 97, 100, 101, 103, 224; conspersa 102; 
Trinomial typieus, What is the?—I 310; cucullata 225; eriocarpa 225; hastata 
Il 406 224; odorata 92, 95, 97-103; pallens 
Tripsacum dactyloides 470 225; papilionacea 93, 94, 96, 98-103; 
Triticum vulgare 384 Riviniana 102: rostrata 224: rotundi 
Tritonia crocosmiaeflora 535 folia 225; sororia 222, 224: striata 92, 
Trollius larus 513 97-103; tricolor 94-103; var. florairen 
Tsuga canadensis 220, 221; het rophylla sis 92: var. lutea 92 
236 Viola, Experiments in the grafting of 
Tulipastrum acuminatum 221 species in the genus 91 
Two new species of Hypericum from Vitamin deficiencies of fifty yeasts and 
Colombia 174 molds 372 
Typha latifolia 485, 486 Vitis aestivalis 222, 436; bicolor 436; 
Typicus, What is the trinomial?—I 310: labrusca 436; vulpina 436 
Il 406 
Wallia cinerea 221 
Ulmus alata 226; basicordata 226 WARMKE, H. E.: Macrosporogenesis, fer- 
Umbelliferae, New North American—II tilization and early embryology of 
58 Taraxacum kok-saghyz 164 
Uniola distichophylla 649; maritima, 649; Wedelia acapulcensis 76, 68; filipes 76 
palmeri 649; spicata 649; stricta 638, What is the trinomial typicus?—I 310; 


645, 649 Il 406 
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Wheat germ oil, A new constituent in 599 
Witkus, E. R., anp C. A. BERGER: A 
cytological study of c¢-mitosis in the 
plant 
comparative 


poly somatie Spinacia oleracea, 


with observations on Al 
lium 
WOLF, 
air 1 
Wolffiella flo 


cepa $57 
FRED T.: 


Microbiology of the upper 


dana 485, 486 
Woodwardia areolata 486: rginica 486 
Yenatrum umbellatum 225 


Nerophyllum fenaa ‘75. 477, 
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JX ylophacos Casei 433 
Xylopia pacifica 538, 539; 
X ylosoma 
545. 546 
Nyris 


vitiensis 539 


Archboldianum 546: Bryanii 


communis 486 
YuNCKER, T. G.: Nomenclatural changes 
in the genus Cuscuta and notes on some 
American species 61 


Zanichellia palustris 

Zea mays 449-456 

Zizia Be bbii 225 
Zygopetalum mackayii 112 











WHAT does this man see? 


Under this Spencer Microscope is a 
cutting tool—one of many especially 
designed to speed the production of 
the famous Bell Airacobra, “the cannon 
on wings.” 

The engineer who is studying it sees 
far more than a clear, s 
magnification of its detail. In his mind’s 
eye, he sees a record-breaking produc- 
tion of American fighting planes, for 
he is one of the many specialists who 
are gearing up the tempo of our great 
airplane factories to war pitch. 

To meet the unprecedented necdds of 
wertime production, Spencer has great- 


ly multiplied its manufacturing facili- 
ties. These facilities, plus nearly #7 
century of experience, today are being® 
devoted to nationa! defense. b 


Optical instruments are +2 
vital to war and public health 
that the nation’s needs absorb 
practically all of Spezcer’s 
greatly increased production, 


Spencer as cae 
BUFFALO, NEW YORE 
SCIENTIFIC INSTRUMENT DIVISION °o 





